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Preface 


Advances in technology and instrumentation during the last few decades have 
improved the precision, case, and popularity of office-based laryngeal surgery. 
In-office surgery of the larynx has been performed with increasing frequency 
throughout the world. In patients who have been selected correctly, office-based 
surgery may provide several advantages over MicroDirect laryngoscopy in the oper- 
ating room. These include eliminating the risks of general anesthesia, hastening the 
time from diagnosis to receipt of biopsy results, decreasing health care costs, and 
other benefits. However, in-office surgery requires expertise, informed patient selec- 
tion, adequate instrumentation, patient education, and office staff training in order 
to be performed safely and effectively. 

This book is intended to provide otolaryngologists with the information neces- 
sary to perform office-based surgery of the larynx appropriately. Much of the infor- 
mation may be known to laryngologists who already perform such procedures; 
however, many other otolaryngologists could add office-based laryngeal surgery to 
their practices, thereby offering a valuable option for selected patients. The authors 
discuss core knowledge essential to laryngeal surgeons, administration of topical 
anesthesia in an office setting, patient counseling and selection, techniques of vari- 
ous procedures, and other topics that we believe will be helpful for physicians who 
perform office-based laryngeal surgery. 

The first four chapters provide core knowledge helpful in understanding voice 
disorders and are essential for accurate diagnosis, surgical patient selection, and 
understanding modern surgical techniques. They are modified with permission from 
prior publications by the author (RTS). This core information also has been included 
in the authors’ prior books published by Springer for the convenience of our read- 
ers, and because mastery of these topics is critical to understanding voice and other 
laryngeal disorders and to providing optimal treatment. Chapter 1 provides a 
focused, brief review of the anatomy and physiology of phonation. This information 
is essential not only in helping to understand and establish diagnoses of laryngeal 
disorders but also to understand the precision required to achieve optimal outcomes 
with laryngeal surgery, whether it is performed in the operating room or in the 
office. Chapters 2 and 3 review the comprehensive medical evaluation (history and 
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physical examination) performed for patients with voice complaints. Chapter 4, 
written in collaboration with Johnathan Sataloff, MD, offers an overview of many 
medical conditions that may affect the voice and of their treatments. In a majority of 
patients, nonsurgical treatment including voice therapy is appropriate before deci- 
sions are made regarding the need for laryngeal surgery, and prior to decisions about 
the venue in which laryngeal surgery should be performed. 

Chapters 5, 6, 7, 8, 9, 10, 11, and 12 provide background information (including 
literature review) needed for various office-based surgical procedures, details of 
surgical techniques, illustrations, and videos. Chapter 5 discusses basic principles 
of in-office surgery, patient selection, safety, and patient tolerance. Much of the 
material in this chapter is new, but portions of the chapter are modified with permis- 
sion from prior publications by the author (RTS). Chapter 6 on topical anesthesia 
discusses appropriate anesthetic agents, modes of administration, effects of topical 
anesthesia on the larynx and pharynx, and potential systemic complications of topi- 
cal anesthesia. Chapter 7 discusses basics in surgical techniques and operative 
approaches for office-based laryngeal surgery including transnasal, percutaneous, 
and transoral approaches. Chapter 8 reviews office-based injection laryngoplasty. 
This chapter reviews important anatomical and surgical considerations, sites and 
force of injection, short-term and long-term outcomes of office-based injection 
laryngoplasty, and potential complications. The chapter includes case and video 
examples to assist the reader in understanding the principles put forth. Chapter 9 on 
office-based laryngeal injection of botulinum toxin discusses the various indications 
and techniques. Videos provide examples of injection through a flexible endoscope, 
and external injection using laryngeal electromyographic guidance. Chapter 10, 
“Office-Based Laryngeal Laser Therapy,” provides information on various kinds of 
lasers, lesions appropriate for office-based laser management, techniques, limita- 
tions and complications of in-office laser surgery, and clinical case discussion. 
Chapter 11 reviews office-based injection of steroids and other substances including 
cidofovir, 5-fluorouracil, saline, growth factors, and other materials. Special consid- 
erations and clinical examples are included. Chapter 12, “Office-Based Laryngeal 
Biopsy, Excision of Masses and Dilation,” presents information on biopsy, precise 
resection of vocal fold masses, the little-known procedure of in-office laryngeal 
dilation for laryngeal stenosis, and other topics. 

As the popularity of office-based laryngeal surgery continues to increase, it is 
important for laryngologists, otolaryngologists, nurses and medical assistants, phy- 
sician assistants, nurse practitioners, speech-language pathologists, singing voice 
specialists, acting voice specialists, and others involved in the care of patients with 
voice disorders to understand the principles, precautions, and limitations of office- 
based laryngeal surgery. While office-based surgery seems intrinsically safer than 
general anesthesia, monitoring and access to emergency care usually is better in an 
operating room than in an office, especially if that office is not close to a hospital. 
For some patients, surgery in an operating room is safer. Patients undergoing sur- 
gery in the office require medical evaluation and clearance, informed consent, and 
other procedures similar to those required for patients undergoing surgery in an 
operating room and under anesthesia, in many cases. A thorough understanding of 
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the strengths and limitations of office-based laryngeal surgery allows safe and effec- 
tive application of this in a valuable option for patient care. The authors hope that 
this book proves helpful to collect interest in understanding and/or mastering the 
techniques and judgments required for optimal office-based laryngeal surgery. 


Beirut, Lebanon Abdul-latif Hamdan 
Philadelphia, PA, USA Robert Thayer Sataloff 
Mary J. Hawkshaw 
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Part I 
Core Knowledge 


Chapter 1 A) 
Anatomy and Physiology of the Voice gese 


To treat voice patients knowledgeably and responsibly, health care providers must 
understand the medical aspects of voice disorders and their treatment. This requires 
core knowledge of the anatomy and physiology of phonation. The human voice 
consists of much more than simply the vocal folds, popularly known as the vocal 
cords. State-of-the-art voice diagnosis, nonsurgical therapy, and voice surgery 
depend on understanding the complex workings of the vocal tract. Physicians and 
other health care professionals specializing in the care of voice patients, especially 
voice professionals, should be familiar with at least the basics of the latest concepts 
in voice function. The physiology of phonation is much more complex than this 
brief chapter might suggest, and readers interested in acquiring more than a clini- 
cally essential introduction are encouraged to consult other literature [1]. 


1.1 Anatomy 


The larynx is essential to normal voice production, but the anatomy of the voice is 
not limited to the larynx. The vocal mechanism includes the abdominal and back 
musculature, rib cage, lungs, pharynx, oral cavity, and nose, among other structures. 
Each component performs an important function in voice production, although it is 
possible to produce voice even without a larynx— for example, in patients who have 
undergone laryngectomy. In addition, virtually all parts of the body play some role 
in voice production and may be responsible for voice dysfunction. Even something 
as remote as a sprained ankle may alter posture, thereby impairing abdominal, back, 
and thoracic muscle function and resulting in vocal inefficiency, weakness, and 
hoarseness. 

The larynx is composed of four basic anatomic units: skeleton, intrinsic muscles, 
extrinsic muscles, and mucosa. The most important components of the laryngeal 
skeleton are the thyroid cartilage, cricoid cartilage, and two arytenoid cartilages 
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(Fig. 1.1). Intrinsic muscles of the larynx are connected to these cartilages (Fig. 1.2). 
One of the intrinsic muscles, the thyroarytenoid muscle (its medial belly also is 
known as the vocalis muscle), extends on each side from the vocal process of the 
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Fig. 1.2 Intrinsic muscles of the larynx 


arytenoid cartilage to the inside of the thyroid cartilage just below and behind the 
thyroid prominence (“Adam’s apple”), forming the body of the vocal folds. The 
vocal folds act as the oscillator or voice source of the vocal tract. The space between 
the vocal folds is called the glottis and is used as an anatomic reference point. The 
intrinsic muscles alter the position, shape, and tension of the vocal folds, bringing 
them together (adduction), moving them apart (abduction), or stretching them by 
increasing longitudinal tension (Fig. 1.3). They are able to do so because the laryn- 
geal cartilages are connected by soft attachments that allow changes in their relative 
angles and distances, thereby permitting alteration in the shape and tension of the 
tissues suspended between them. The arytenoid cartilages on their eliptoid cricoary- 
tenoid joints are capable of motion in multiple planes, permitting complex vocal 
fold motion and alteration in the shape of the vocal fold edge associated with intrin- 
sic muscle action (Fig. 1.4). All but one of the muscles on each side of the larynx are 
innervated by one of the two recurrent laryngeal nerves. Because this nerve runs in 
a long course (especially on the left) from the neck down into the chest and then 
back up to the larynx (hence, the name “recurrent”), it is injured easily by trauma, 
neck surgery, and chest surgery. Injury may result in vocal fold paresis or paralysis. 
The remaining muscle (cricothyroid muscle) is innervated by the superior laryngeal 
nerve on each side, which is especially susceptible to viral and traumatic injury. It 
causes changes in longitudinal tension that are important in voice projection and 
pitch control. The “false vocal folds” are located above the vocal folds, and unlike 
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the true vocal folds, usually do not make contact during normal speaking or singing 
[1]. The neuroanatomy and neurophysiology of phonation are extremely compli- 
cated, and only partially understood. As the new field of neurolaryngology advances, 
a more thorough understanding of the subject is becoming increasingly important to 
clinicians. Readers interested in acquiring a deeper, scientific understanding of neu- 
rolaryngology are encouraged to consult other literature [2] and the publications 
cited therein. 

Because the attachments of the laryngeal cartilages are flexible, the positions of 
the cartilages with respect to each other change when the laryngeal skeleton is ele- 
vated or lowered. Such changes in vertical height are controlled by the extrinsic 
laryngeal muscles, the strap muscles of the neck. When the angles and distances 
between cartilages change because of this accordion-like effect, the resting length 
of the intrinsic muscle changes. Such large adjustments in intrinsic muscle condi- 
tion interfere with fine control of smooth vocal quality. Classically trained singers 
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Fig. 1.4 Complex arytenoid motion 


generally are taught to use the extrinsic muscles to maintain the laryngeal skeleton 
at a relatively constant height regardless of pitch. That is, they learn to avoid the 
natural tendency of the larynx to rise with ascending pitch and fall with descending 
pitch, thereby enhancing the unity of sound quality throughout the vocal range 
through effects on both resting muscle condition and supraglottic vocal tract posture. 

The soft tissues lining the larynx are much more complex than originally thought. 
The mucosa forms the thin, lubricated surface of the vocal folds, which makes con- 
tact when the two vocal folds are approximated. Laryngeal mucosa might look 
superficially like the mucosa which lines the inside of the mouth, but it is not. 
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Throughout most of the larynx, there are goblet cells and pseudo-stratified ciliated 
columnar epithelial cells designed for producing and handling mucous secretions, 
similar to mucosal surfaces found throughout the respiratory tract. However, the 
mucosa overlying the vocal folds is different. First, it is the stratified squamous 
epithelium, which is better suited to withstand the trauma of vocal fold contact. 
Second, the vocal fold is not simply muscle covered with mucosa. Rather, it consists 
of five layers as described by Hirano [3]. Mechanically, the vocal fold structures act 
more like three layers consisting of the cover (epithelium and superficial layer of the 
lamina propria), transition (intermediate and deep layers of the lamina propria), and 
body (the vocalis muscle). 

The supraglottic vocal tract includes the pharynx, tongue, palate, oral cavity, 
nose, and other structures. Together, they act as a resonator and are largely respon- 
sible for vocal quality or timbre and the perceived character of all phonated sounds. 
The vocal folds themselves produce only a “buzzing” sound. During the course of 
vocal training for singing, acting, or healthy speaking, changes occur not only in the 
larynx, but also in the muscle motion, control, and shape of the supraglottic vocal 
tract, and in aerobic, pulmonary, and bodily muscle function. 

The infraglottic vocal tract (all anatomical structures below the glottis) serves as 
the power source for the voice. Singers and actors often refer to the entire power 
source complex as their “support” or “diaphragm.” The anatomy of support for pho- 
nation is especially complicated and not completely understood. Yet, it is quite 
important because deficiencies in support frequently are responsible for voice 
dysfunction. 

The purpose of the support mechanism is to generate a force that directs a con- 
trolled airstream between the vocal folds. Active respiratory muscles work in con- 
cert with passive forces. The principal muscles of inspiration are the diaphragm (a 
dome-shaped muscle that extends along the bottom of the rib cage) and the external 
intercostal muscles (located between the ribs). During quiet respiration, expiration 
is largely passive. The lungs and rib cage generate passive expiratory forces under 
many common circumstances such as after a full breath. 

Many of the muscles used for active expiration also are employed in “support” 
for phonation. Muscles of active expiration either raise the intra-abdominal pres- 
sure, forcing the diaphragm upward, or lower the ribs or sternum to decrease the 
dimensions of the thorax, or both, thereby compressing air in the chest. The pri- 
mary muscles of expiration are “the abdominal muscles,” but internal intercostals 
and other chest and back muscles also are involved. Trauma or surgery that alters 
the structure or function of these muscles or ribs undermines the power source of 
the voice, as do diseases, such as asthma, that impair expiration. Deficiencies in 
the support mechanism often result in compensatory efforts that utilize the laryn- 
geal muscles, which are not designed for power functions. Such behavior can 
result in impaired voice quality, rapid fatigue, pain, and even structural pathology 
such as vocal fold nodules. Current expert treatment for such vocal problems 
focuses on the correction of the underlying malfunction rather than surgery when- 
ever possible. 
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1.2 Physiology 


The physiology of voice production is extremely complex. Volitional production of 
voice begins in the cerebral cortex (Fig. 1.5). 

The command for vocalization involves complex interactions among brain cen- 
ters for speech, as well as other areas. For singing, speech directives must be inte- 
grated with information from the centers for musical and artistic expression, which 
are discussed elsewhere [1]. The “idea” of the planned vocalization is conveyed to 
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Fig. 1.5 Simplified summary of pathway for volitional phonation 
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the precentral gyrus in the motor cortex, which transmits another set of instructions 
to the motor nuclei in the brainstem and spinal cord. These areas send out the com- 
plicated messages necessary for the coordinated activity of the larynx, thoracic and 
abdominal musculature lungs, and vocal tract articulators, among other structures. 
Additional refinement of motor activity is provided by the extrapyramidal and auto- 
nomic nervous systems. These impulses combine to produce a sound that is trans- 
mitted not only to the ears of the listener, but also to those of the speaker or singer. 
Auditory feedback is transmitted from the ear through the brainstem to the cerebral 
cortex, and adjustments are made within milliseconds that permit the vocalist to 
match the sound produced with the sound intended, integrating the acoustic proper- 
ties of the performance environment. Tactile feedback from the throat and other 
muscles involved in phonation also is believed to help in fine-tuning vocal output, 
although the mechanism and role of tactile feedback are not understood fully. Many 
trained singers and speakers cultivate the ability to use tactile feedback effectively 
because of expected interference with auditory feedback data from ancillary sound 
such as an orchestra or band. 

Phonation, the production of sound, requires interaction among the power source, 
oscillator, and resonator. The voice may be compared to a brass instrument such as 
a trumpet. Power is generated by the chest, abdominal, and back musculature, and a 
high-pressure air stream is produced. The trumpeter’s lips open and close against 
the mouthpiece producing a “buzz” similar to the sound produced by vocal folds 
when they come together and move apart (oscillate) during phonation. This sound 
then passes through the trumpet, which has acoustic resonance characteristics that 
shape the sound we associate with trumpet music. If a trumpet mouthpiece is placed 
on a French horn, the sound we hear will sound like a French horn, not a trumpet. 
Quality characteristics are dependent upon the resonator more than on the oscilla- 
tory source. The non-mouthpiece portions of a brass instrument are analogous to the 
supraglottic vocal tract. 

During phonation, the infraglottic musculature must make rapid, complex adjust- 
ments because the resistance changes almost continuously as the glottis closes, 
opens, and changes shape. At the beginning of each phonatory cycle, the vocal folds 
are approximated, and the glottis is obliterated. This permits infraglottic air pressure 
to build, typically to a level of about 7 cm of water for conversational speech. At that 
point, the vocal folds are convergent (Fig. 1.6a). Because the vocal folds are closed, 
there is no airflow. The subglottic pressure then pushes the vocal folds progressively 
farther apart from the bottom up and from the back forward (Fig. 1.6b) until a space 
develops (Fig. 1.6c, d) and air begins to flow. Bernoulli force created by the air pass- 
ing between the vocal folds combines with the mechanical properties of the folds to 
begin closing the lower portion of the vocal folds almost immediately (Fig. 1.6e—h) 
even while the upper edges are still separating. The principles and mathematics of 
Bernoulli force are complex. It is a flow effect more easily understood by familiar 
examples such as the sensation of pull exerted on a vehicle when passed by a truck 
at high speed or the inward motion of a shower curtain when the water flows past it. 

The upper portion of the vocal folds has elastic properties that also tend to make 
the vocal folds snap back to the midline. This force becomes more dominant as the 
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Fig. 1.6 Frontal view (left) and view from above (right) illustrating the normal pattern of vocal 
fold vibration. The vocal folds close and open from the inferior aspect of the vibratory margin 
upward, and from posterior to anterior. Vocal folds closed (a) opening from the bottom up (b), air 
flowing between the vocal folds (¢), vocal folds separated (d), vocal folds closing from inferior to 
superior (e-h), vocal folds adducted (i), and vocal folds starting to open again from inferior to 
superior at the beginning of another cycle (j) 


upper edges are stretched and the opposing force of the air stream diminishes because 
of the approximation of the lower edges of the vocal folds. The upper portions of the 
vocal folds are then returned to the midline (Fig. 1.61), completing the glottic cycle. 
Subglottal pressure then builds again (Fig. 1.6j), and the events repeat. Thus, there is 
a vertical phase difference. That is, the lower portion of the vocal folds begins to 
open and close before the upper portion. The rippling displacement of the vocal fold 
cover produces a mucosal wave that can be examined clinically under stroboscopic 
light. If this complex motion is impaired, hoarseness or other changes in voice qual- 
ity may cause the patient to seek medical evaluation. The frequency of vibration 
(number of cycles of openings and closings per second, measured in hertz [Hz]) is 
dependent on the air pressure and mechanical properties of the vocal folds, which are 
regulated in part by the laryngeal muscles. Pitch is the perceptual correlate of 
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frequency. Under most circumstances, as the vocal folds are thinned and stretched 
and air pressure is increased, the frequency of air pulse emissions increases, and 
pitch goes up. The myoelastic-aerodynamic mechanism of phonation reveals that the 
vocal folds emit pulses of air, rather than vibrating like strings. 

The sound produced by the oscillating vocal folds, called the voice source signal, 
is a complex tone containing a fundamental frequency and many overtones, or 
higher harmonic partials. The amplitude of the partials decreases uniformly at 
approximately 12 dB per octave. Interestingly, the acoustic spectrum of the voice 
source is about the same in ordinary speakers as it is in trained singers and speakers. 
Voice quality differences in voice professionals occur as the voice source signal 
passes through their supraglottic vocal tract resonator system (Fig. 1.7). 


Generation of vocal sound 


Radiated spectrum 


Frequency 
Vocal tract sound 
transfer curve 

Formants 


Velum 


Vocal tract 


Level 


Frequency 


Vocal folds 


Trachea 
Glottal source spectrum 


Frequency 


o 
> 
oO 
= 


Glottal source waveform 


Transglottal 
air flow 


Fig. 1.7 Determinants of the spectrum of a vowel (oral-output signal) 
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The pharynx, oral cavity, and nasal cavity act as a series of infinitely variable 
interconnected resonators, which are more complex than that in our trumpet exam- 
ple or other single resonators. As with other resonators, some frequencies are atten- 
uated, others are enhanced. Enhanced frequencies are radiated with higher relative 
amplitudes or intensities. Sundberg [4] showed long ago that the vocal tract has four 
or five important resonance frequencies called formants and summarized his early 
findings in a book that has become a classic. The presence of formants alters the 
uniformly sloping voice source spectrum and creates peaks at formant frequencies. 
These alterations of the voice source spectral envelope are responsible for distin- 
guishable sounds of speech and song. Formant frequencies are determined by vocal 
tract shape, which can be altered by the laryngeal, pharyngeal, and oral cavity mus- 
culature. Overall vocal tract length and shape are individually fixed and determined 
by age and sex (females and children have shorter vocal tracts and formant frequen- 
cies that are higher than males). Voice training includes conscious physical mastery 
of the adjustment of vocal tract shape. 

Although the formants differ for different vowels, one resonant frequency has 
received particular attention and is known as the “singer’s formant.” This formant 
occurs in the vicinity of 2300 Hz to 3200 Hz for all vowel spectra and appears to be 
responsible for the “ring” in a singer’s or trained speaker’s (“speaker’s formant”) 
voice. The ability to hear a trained voice clearly even over a loud choir or orchestra 
is dependent primarily on the presence of the singer’s formant [1]. Interestingly, 
there is little or no significant difference in maximum vocal intensity between 
trained and untrained singers. The singer’s formant also contributes substantially to 
the differences in fach (voice classification) among voice categories, occurring in 
basses at about 2400 Hz, baritones at 2600 Hz, tenors at 2800 Hz, mezzo-sopranos 
at 2900 Hz, and sopranos at 3200 Hz. It is frequently much less prominent in high 
soprano singing [1]. 

The mechanisms that control two vocal characteristics are particularly impor- 
tant: fundamental frequency and intensity. Fundamental frequency, which corre- 
sponds to pitch, can be altered by changing either air pressure or the mechanical 
properties of the vocal folds, although the latter is more efficient under most condi- 
tions. When the cricothyroid muscle contracts, it makes the thyroid cartilage pivot 
on the cricothyroid joint and increases the distance between the thyroid and aryte- 
noid cartilages, thus stretching the vocal folds. This increases the surface area 
exposed to subglottal pressure and makes the air pressure more effective in opening 
the glottis. In addition, stretching of elastic fibers of the vocal fold makes them more 
efficient at snapping back together. Hence, the cycles shorten and repeat more fre- 
quently, and the fundamental frequency (and pitch) rise. Other muscles, including 
the thyroarytenoid, also contribute [1]. Raising the pressure of the air stream also 
tends to increase fundamental frequency, a phenomenon for which singers must 
learn to compensate. Otherwise, their pitch would go up whenever they tried to sing 
more loudly. 

Voice intensity corresponds to loudness and depends on the degree to which the 
glottal wave motion excites the air molecules in the vocal tract. Raising the air pres- 
sure creates greater amplitude of vocal fold oscillation and therefore increases vocal 
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intensity. However, actually it is not the oscillation of the vocal fold, but rather the 
sudden cessation of airflow that is responsible for initiating an acoustic signal in the 
vocal tract and controlling intensity. This is similar to the mechanism of acoustic 
signal that results from buzzing lips. In the larynx, the sharper the cutoff of airflow, 
the more intense the sound [1]. In the evaluation of voice disorders, an individual’s 
ability to optimize adjustments of air pressure and glottal resistance is assessed. 
When high subglottic pressure is combined with high adductory (closing) vocal fold 
force, glottal airflow and the amplitude of the voice source fundamental frequency 
are low. This is called pressed phonation and can be measured clinically through a 
technique known as flow glottography. Flow glottogram wave amplitude indicates 
the type of phonation being used, and the slope (closing rate) provides information 
about the sound pressure level or loudness. If adductory forces are so weak that the 
vocal folds do not make contact, the vocal folds become inefficient at resisting air 
leakage, and the voice source fundamental frequency is low. This is known as 
breathy phonation. Flow phonation is characterized by lower subglottic pressure 
and lower adductory force. These conditions increase the dominance of the funda- 
mental frequency of the voice source in the perceived sound. Sundberg showed that 
the amplitude of the fundamental frequency can be increased by 15 dB or more 
when the subject changes from pressed phonation to flow phonation [4]. If a patient 
habitually uses pressed phonation, considerable effort will be required to achieve 
loud voicing. The muscle patterns and force that are used to compensate for this 
laryngeal inefficiency may cause vocal fold damage. Such voice behavior (i.e., 
pressed voice) can result from laryngeal structural problems, voice technique, psy- 
chological abnormalities, and other causes. 
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Chapter 2 A) 
Patient History gese 


A comprehensive history and physical examination usually reveal the cause of voice 
dysfunction. Effective history taking and physical examination depend on a practi- 
cal understanding of the anatomy and physiology of voice production [1-3]. 
Because dysfunction in virtually any body system may affect phonation, medical 
inquiry must be comprehensive. The current standard of care for all voice patients 
evolved from advances inspired by medical problems of voice professionals such as 
singers and actors. Even minor problems may be particularly symptomatic in sing- 
ers and actors, because of the extreme demands they place on their voices. However, 
a great many other patients are voice professionals. They include teachers, sales- 
people, attorneys, clergy, physicians, politicians, telephone receptionists, and any- 
one else whose ability to earn a living is impaired in the presence of voice 
dysfunction. Because good voice quality is so important in our society, the majority 
of our patients are voice professionals, and all patients should be treated as such. 

The scope of inquiry and examination for most patients is similar to that required 
for singers and actors, except that performing voice professionals have unique 
needs, which require additional history and examination. Questions must be added 
regarding performance commitments, professional status and voice goals, the 
amount and nature of voice training, the performance environment, rehearsal prac- 
tices, abusive habits during speech and singing, and many other matters. Such sup- 
plementary information is essential to proper treatment selection and patient 
counseling in singers and actors. However, analogous factors must also be taken 
into account for stockbrokers, factory shop foremen, elementary school teachers, 
homemakers with several noisy children, and many others. Physicians familiar with 
the management of these challenging patients are well equipped to evaluate all 
patients with voice complaints. 
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2.1 Patient History 


Obtaining extensive historical background information is necessary for a thorough 
evaluation of the voice patient, and the otolaryngologist who sees voice patients 
(especially singers) only occasionally cannot reasonably be expected to remember 
all the pertinent questions. Although some laryngologists consider a lengthy inqui- 
sition helpful in establishing rapport, many of us who see a substantial number of 
voice patients each day within a busy practice need a thorough but less time- 
consuming alternative. A history questionnaire can be extremely helpful in docu- 
menting all the necessary information, helping the patient sort out and articulate his 
or her problems, and saving the clinician time recording information. The author 
has developed a questionnaire [4] that has proven helpful. The patient is asked to 
complete the relevant portions of the form at home prior to his or her office visit or 
in the waiting room before seeing the doctor. A similar form has been developed for 
voice patients who are not singers. 

No history questionnaire is a substitute for direct, penetrating questioning by the 
physician. However, the direction of most useful inquiry can be determined from a 
glance at the questionnaire, obviating the need for extensive writing, which permits 
the physician greater eye contact with the patient and facilitates rapid establishment 
of the close rapport and confidence that are so important in treating voice patients. 
The physician is also able to supplement initial impressions and historical informa- 
tion from the questionnaire with seemingly leisurely conversation during the physi- 
cal examination. The use of the history questionnaire has added substantially to the 
efficiency, consistent thoroughness, and ease of managing these delightful, but often 
complex, patients. A similar set of questions is also used by the speech-language 
pathologist with new patients and by many enlightened singing teachers when 
assessing new students. 


2.1.1 How Old Are You? 


Serious vocal endeavor may start in childhood and continue throughout a lifetime. 
As the vocal mechanism undergoes normal maturation, the voice changes. The opti- 
mal time to begin serious vocal training is controversial. For many years, most sing- 
ing teachers advocated delay of vocal training and serious singing until near puberty 
in the female and after puberty and voice stabilization in the male. However, in a 
child with earnest vocal aspirations and potential, starting specialized training early 
in childhood is reasonable. Initial instruction should teach the child to vocalize 
without straining and to avoid all forms of voice abuse. It should not permit prema- 
ture indulgence in operatic bravado. Most experts agree that taxing voice use and 
singing during puberty should be minimized or avoided altogether, particularly by 
the male. Voice maturation (attainment of stable adult vocal quality) may occur at 
any age from the early teenage years to the fourth decade of life. The dangerous 
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tendency for young singers to attempt to sound older than their vocal years fre- 
quently causes vocal dysfunction. 

All components of voice production are subject to normal aging. Abdominal 
and general muscular tone frequently decrease, lungs lose elasticity, the thorax 
loses its distensibility, the mucosa of the vocal tract atrophies, mucous secretions 
change character and quantity, nerve endings are reduced in number, and psycho- 
neurologic functions change. Moreover, the larynx itself loses muscle tone and 
bulk and may show depletion of submucosal ground substance in the vocal folds. 
The laryngeal cartilages ossify, and the joints may become arthritic and stiff. 
Hormonal influence is altered. Vocal range, intensity, and quality all may be modi- 
fied. Vocal fold atrophy may be the most striking alteration. The clinical effects of 
aging seem more pronounced in female singers, although vocal fold histologic 
changes may be more prominent in males. Excellent male singers occasionally 
extend their careers into their 70s or beyond [5, 6]. However, some degree of 
breathiness, decreased range, and other evidence of aging should be expected in 
elderly voices. Nevertheless, many of the changes we typically associate with 
elderly singers (wobble, flat pitch) are due to lack of conditioning, rather than 
inevitable changes of biological aging. These aesthetically undesirable concomi- 
tants of aging can often be reversed. 


2.1.2 What Is Your Voice Problem? 


Careful questioning as to the onset of vocal problems is needed to separate acute 
from chronic dysfunction. Often an upper respiratory tract infection will send a 
patient to the physician’s office, but penetrating inquiry, especially in singers and 
actors, may reveal a chronic vocal problem that is the patient’s real concern. 
Identifying acute and chronic problems before beginning therapy is important so 
that both patient and physician may have realistic expectations and make optimal 
therapeutic selections. 

The specific nature of the vocal complaint can provide a great deal of informa- 
tion. Just as dizzy patients rarely walk into the physician’s office complaining of 
“rotary vertigo,” voice patients may be unable to articulate their symptoms without 
guidance. They may use the term hoarseness to describe a variety of conditions that 
the physician must separate. Hoarseness is a coarse or scratchy sound that is most 
often associated with abnormalities of the leading edge of the vocal folds such as 
laryngitis or mass lesions. Breathiness is a vocal quality characterized by excessive 
loss of air during vocalization. In some cases, it is due to improper technique. 
However, any condition that prevents full approximation of the vocal folds can be 
responsible. Possible causes include vocal fold paralysis, a mass lesion separating 
the leading edges of the vocal folds, arthritis of the cricoarytenoid joint, arytenoid 
dislocation, scarring of the vibratory margin, senile vocal fold atrophy (presbypho- 
nia), psychogenic dysphonia, malingering, and other conditions. 
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Fatigue of the voice is inability to continue to speak or sing for extended periods 
without a change in vocal quality and/or control. The voice may show fatigue by 
becoming hoarse, losing range, changing timbre, breaking into different registers, 
or exhibiting other uncontrolled aberrations. A well-trained singer should be able to 
sing for several hours without vocal fatigue. 

Voice fatigue may occur through more than one mechanism. Most of the time, it 
is assumed to be due to muscle fatigue. This is often the case in patients who have 
voice fatigue associated with muscle tension dysphonia. The mechanism is most 
likely to be peripheral muscle fatigue and due to chemical changes (or depletion) in 
the muscle fibers. “Muscle fatigue” may also occur on a central (neurologic) basis. 
This mechanism is common in certain neuropathic disorders, such as some patients 
with multiple sclerosis; may occur with myasthenia gravis (actually neuromuscular 
junction pathology); or may be associated with paresis from various causes. 
However, the voice may also fatigue due to changes in the vibratory margin of the 
vocal fold. This phenomenon may be described as “lamina propria” fatigue (our 
descriptive, not universally used). It, too, may be related to chemical or fluid changes 
in the lamina propria or cellular damage associated with conditions such as phono- 
trauma and dehydration. Excessive voice use, suboptimal tissue environment (e.g., 
dehydration, effects of pollution, etc.), lack of sufficient time of recovery between 
phonatory stresses, and genetic or structural tissue weaknesses that predispose to 
injury or delayed recovery from trauma all may be associated with lamina propria 
fatigue. 

Although it has not been proven, this author (RTS) suspects that fatigue may also 
be related to the linearity of vocal fold vibrations. However, briefly, voices have 
linear and nonlinear (chaotic) characteristics. As the voice becomes more trained, 
vibrations become more symmetrical, and the system becomes more linear. In many 
pathologic voices, the nonlinear components appear to become more prominent. If 
a voice is highly linear, slight changes in the vibratory margin may have little effect 
on the output of the system. However, if the system has substantial nonlinearity due 
to vocal fold pathology, poor tissue environment, or other causes, slight changes in 
the tissue (slight swelling, drying, surface cell damage) may cause substantial 
changes in the acoustic output of the system (the butterfly effect), causing vocal 
quality changes and fatigue much more quickly with much smaller changes in initial 
condition in more linear vocal systems. 

Fatigue is often caused by misuse of abdominal and neck musculature or overs- 
inging, singing too loudly, or too long. However, we must remember that vocal 
fatigue also may be a sign not only of general tiredness or vocal abuse (sometimes 
secondary to structural lesions or glottal closure problems) but also of serious ill- 
nesses such as myasthenia gravis. So, the importance of this complaint should not 
be understated. 

Volume disturbance may manifest as inability to sing loudly or inability to sing 
softly. Each voice has its own dynamic range. Within the course of training, singers 
learn to sing more loudly by singing more efficiently. They also learn to sing softly, 
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a more difficult task, through years of laborious practice. Actors and other trained 
speakers go through similar training. Most volume problems are secondary to 
intrinsic limitations of the voice or technical errors in voice use, although hormonal 
changes, aging, and neurologic disease are other causes. Superior laryngeal nerve 
paralysis impairs the ability to speak or sing loudly. This is a frequently unrecog- 
nized consequence of herpes infection (cold sores) and Lyme disease, and may be 
precipitated by any viral upper respiratory tract infection. 

Most highly trained singers require only about 10 min to half an hour to “warm 
up the voice.” Prolonged warm-up time, especially in the morning, is most often 
caused by reflux laryngitis. Tickling or choking during singing is most often a 
symptom of an abnormality of the vocal fold’s leading edge. The symptom of 
tickling or choking should contraindicate singing until the vocal folds have been 
examined. Pain while singing can indicate vocal fold lesions, laryngeal joint 
arthritis, infection, or gastric acid reflux irritation of the arytenoid region. However, 
pain is much more commonly caused by voice abuse with excessive muscular 
activity in the neck rather than an acute abnormality on the leading edge of a vocal 
fold. In the absence of other symptoms, these patients do not generally require 
immediate cessation of singing pending medical examination. However, sudden 
onset of pain (usually sharp pain) while singing may be associated with a mucosal 
tear or a vocal fold hemorrhage and warrants voice conservation pending laryn- 
geal examination. 


2.1.3 Do You Have Any Pressing Voice Commitments? 


If a singer or professional speaker (e.g., actor, politician) seeks treatment at the end 
of a busy performance season and has no pressing engagements, management of the 
voice problem should be relatively conservative and designed to ensure long-term 
protection of the larynx, the most delicate part of the vocal mechanism. However, 
the physician and patient rarely have this luxury. Most often, the voice professional 
needs treatment within a week of an important engagement and sometimes within 
less than a day. Younger singers fall ill shortly before performances, not because of 
hypochondria or coincidence, but rather because of the immense physical and emo- 
tional stress of the preperformance period. The singer is frequently working harder 
and singing longer hours than usual. Moreover, he or she may be under particular 
pressure to learn new material and to perform well for a new audience. The singer 
may also be sleeping less than usual because of additional time spent rehearsing or 
because of the discomforts of a strange city. Seasoned professionals make their liv- 
ing by performing regularly, sometimes several times a week. Consequently, any 
time they get sick is likely to precede a performance. Caring for voice complaints in 
these situations requires highly skilled judgment and bold management. 
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2.1.4 Tell Me About Your Vocal Career, Long-Term Goals, 
and the Importance of Your Voice Quality 
and Upcoming Commitments 


To choose a treatment program, the physician must understand the importance of 
the patient’s voice and his or her long-term career plans, the importance of the 
upcoming vocal commitment, and the consequences of canceling the engagement. 
Injudicious prescription of voice rest can be almost as damaging to a vocal career as 
injudicious performance. For example, although a singer’s voice is usually his or 
her most important commodity, other factors distinguish the few successful artists 
from the multitude of less successful singers with equally good voices. These 
include musicianship, reliability, and “professionalism.” Canceling a concert at the 
last minute may seriously damage a performer’s reputation. Reliability is especially 
critical early in a singer’s career. Moreover, an expert singer often can modify a 
performance to decrease the strain on his or her voice. No singer should be allowed 
to perform in a manner that will permit serious injury to the vocal folds, but in the 
frequent borderline cases, the condition of the larynx must be weighed against other 
factors affecting the singer as an artist. 


2.1.5 How Much Voice Training Have You Had? 


Establishing how long a singer or actor has been performing seriously is important, 
especially if his or her active performance career predates the beginning of vocal 
training. Active untrained singers and actors frequently develop undesirable tech- 
niques that are difficult to modify. Extensive voice use without training or prema- 
ture training with inappropriate repertoire may underlie persistent vocal difficulties 
later in life. The number of years a performer has been training his or her voice may 
be a fair index of vocal proficiency. A person who has studied voice for 1 or 2 years 
is somewhat more likely to have gross technical difficulties than is someone who 
has been studying for 20 years. However, if training has been intermittent or discon- 
tinued, technical problems are common, especially among singers. In addition, 
methods of technical voice use vary among voice teachers. Hence, a student who 
has had many teachers in a relatively brief period of time commonly has numerous 
technical insecurities or deficiencies that may be responsible for vocal dysfunction. 
This is especially true if the singer has changed to a new teacher within the preced- 
ing year. The physician must be careful not to criticize the patient’s current voice 
teacher in such circumstances. It often takes years of expert instruction to correct 
bad habits. 

All people speak more often than they sing, yet most singers report little speech 
training. Even if a singer uses the voice flawlessly while practicing and performing, 
voice abuse at other times can cause damage that affects singing. 
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2.1.6 Under What Kinds of Conditions Do You Use Your Voice? 


The Lombard effect is the tendency to increase vocal intensity in response to 
increased background noise. A well-trained singer learns to compensate for this 
tendency and to avoid singing at unsafe volumes. Singers of classical music usually 
have such training and frequently perform with only a piano, a situation in which 
the balance can be controlled well. However, singers performing in large halls, with 
orchestras, or in operas early in their careers tend to oversing and strain their voices. 
Similar problems occur during outdoor concerts because of the lack of auditory 
feedback. This phenomenon is seen even more among “pop” singers. Pop singers 
are in a uniquely difficult position; often, despite little vocal training, they enjoy 
great artistic and financial success and endure extremely stressful demands on their 
time and voices. They are required to sing in large halls or outdoor arenas not 
designed for musical performance, amid smoke and other environmental irritants, 
accompanied by extremely loud background music. One frequently neglected key 
to survival for these singers is the proper use of monitor speakers. These direct the 
sound of the singer’s voice toward the singer on the stage and provide auditory 
feedback. Determining whether the pop singer uses monitor speakers and whether 
they are loud enough for the singer to hear is important. 

Amateur singers are often no less serious about their music than are profession- 
als, but generally they have less ability to compensate technically for illness or other 
physical impairment. Rarely does an amateur suffer a great loss from postponing a 
performance or permitting someone to sing in his or her place. In most cases, the 
amateur singer’s best interest is served through conservative management directed 
at long-term maintenance of good vocal health. 

A great many of the singers who seek physicians’ advice are primarily choral 
singers. They often are enthusiastic amateurs, untrained but dedicated to their musi- 
cal recreation. They should be handled as amateur solo singers, educated specifi- 
cally about the Lombard effect, and cautioned to avoid the excessive volume so 
common in a choral environment. One good way for a singer to monitor loudness is 
to cup a hand to his or her ear. This adds about 6 dB [7] to the singer’s perception of 
his or her own voice and can be a very helpful guide in noisy surroundings. Young 
professional singers are often hired to augment amateur choruses. Feeling that the 
professional quartet has been hired to “lead” the rest of the choir, they often make 
the mistake of trying to accomplish that goal by singing louder than others in their 
sections. These singers should be advised to lead their section by singing each line 
as if they were soloists giving a voice lesson to the people standing next to them and 
as if there were a microphone in front of them recording their choral performance 
for their voice teacher. This approach usually not only preserves the voice but also 
produces a better choral sound. 
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2.1.7 How Much Do You Practice and Exercise Your Voice? 
How, When, and Where Do You Use Your Voice? 


Vocal exercise is as essential to the vocalist as exercise and conditioning of other 
muscle systems is to the athlete. Proper vocal practice incorporates scales and spe- 
cific exercises designed to maintain and develop the vocal apparatus. Simply acting 
or singing songs or giving performances without routine studious concentration on 
vocal technique is not adequate for the vocal performer. The physician should know 
whether the vocalist practices daily, whether he or she practices at the same time 
daily, and how long the practice lasts. Actors generally practice and warm up their 
voices for 10-30 min daily, although more time is recommended. Most serious sing- 
ers practice for at least 1-2 h per day. If a singer routinely practices in the late after- 
noon or evening but frequently performs in the morning (religious services, school 
classes, teaching voice, choir rehearsals, etc.), one should inquire into the warmup 
procedures preceding such performances as well as cool-down procedures after 
voice use. Singing “cold,” especially early in the morning, may result in the use of 
minor muscular alterations to compensate for vocal insecurity produced by inade- 
quate preparation. Such crutches can result in voice dysfunction. Similar problems 
may result from instances of voice use other than formal singing. School teachers, 
telephone receptionists, salespeople, and others who speak extensively also often 
derive great benefit from 5 or 10 min of vocalization of scales first thing in the 
morning. Although singers rarely practice their scales too long, they frequently per- 
form or rehearse excessively. This is especially true immediately before a major 
concert or audition, when physicians are most likely to see acute problems. When a 
singer has hoarseness and vocal fatigue and has been practicing a new role for 14h 
a day for the last 3 weeks, no simple prescription will solve the problem. However, 
a treatment regimen can usually be designed to carry the performer safely through 
his or her musical obligations. 

The physician should be aware of common habits and environments that are 
often associated with abusive voice behavior and should ask about them routinely. 
Screaming at sports events and at children is among the most common. Extensive 
voice use in noisy environments also tends to be abusive. These include noisy 
rooms, cars, airplanes, sports facilities, and other locations where background noise 
or acoustic design impairs auditory feedback. Dry, dusty surroundings may alter 
vocal fold secretions through dehydration or contact irritation, altering voice func- 
tion. Activities such as cheerleading, teaching, choral conducting, amateur singing, 
and frequent communication with hearing-impaired persons are likely to be associ- 
ated with voice abuse, as is extensive professional voice use without formal train- 
ing. The physician should inquire into the patient’s routine voice use and should 
specifically ask about any activities that frequently lead to voice change such as 
hoarseness or discomfort in the neck or throat. Laryngologists should ask specifi- 
cally about other activities that may be abusive to the vocal folds such as weight 
lifting, aerobics, and the playing of some wind instruments. 
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2.1.8 Are You Aware of Misusing or Abusing Your Voice 
During Singing? 


A detailed discussion of vocal technique in singing is beyond the scope of this chap- 
ter. The most common technical errors involve excessive muscle tension in the 
tongue, neck, and larynx; inadequate abdominal support; and excessive volume. 
Inadequate preparation can be a devastating source of voice abuse and may result 
from limited practice, limited rehearsal of a difficult piece, or limited vocal training 
for a given role. The latter error is common. In some situations, voice teachers are 
at fault; both the singer and teacher must resist the impulse to “show off” the voice 
in works that are either too difficult for the singer’s level of training or simply not 
suited to the singer’s voice. Singers are habitually unhappy with the limitations of 
their voices. At some time or another, most baritones wish they were tenors and 
walk around proving they can sing high Cs in “Vesti la giubba.” Singers with other 
vocal ranges have similar fantasies. Attempts to make the voice something that it is 
not, or at least that it is not yet, frequently are harmful. 


2.1.9 Are You Aware of Misusing or Abusing Your Voice 
During Speaking? 


Common patterns of voice abuse and misuse will not be discussed in detail in this 
chapter. Voice abuse and/ or misuse should be suspected particularly in patients who 
complain of voice fatigue associated with voice use, whose voices are worse at the 
end of a working day or week, and in any patient who is chronically hoarse. 
Technical errors in voice use may be the primary etiology of a voice complaint, or 
it may develop secondarily due to a patient’s effort to compensate for voice distur- 
bance from another cause. 

Dissociation of one’s speaking and singing voices is probably the most common 
cause of voice abuse problems in excellent singers. Too frequently, all the expert 
training in support, muscle control, and projection is not applied to a singers’ speak- 
ing voice. Unfortunately, the resultant voice strain affects the singing voice as well 
as the speaking voice. Such damage is especially likely to occur in noisy rooms and 
in cars, where the background noise is louder than it seems. Backstage greetings 
after a lengthy performance can be particularly devastating. The singer usually is 
exhausted and distracted; the environment is often dusty and dry, and generally a 
noisy crowd is present. Similar conditions prevail at postperformance parties, where 
smoking and alcohol worsen matters. These situations should be avoided by any 
singer with vocal problems and should be controlled through awareness at 
other times. 

Three particularly abusive and potentially damaging vocal activities are worthy 
of note. Cheerleading requires extensive screaming under the worst possible 
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physical and environmental circumstances. It is a highly undesirable activity for 
anyone considering serious vocal endeavor. This is a common conflict in younger 
singers because the teenager who is the high school choir soloist often is also stu- 
dent council president, yearbook editor, captain of the cheerleaders, and so on. 

Conducting, particularly choral conducting, can also be deleterious. An enthusi- 
astic conductor, especially of an amateur group, frequently sings all 4 parts intermit- 
tently, at volumes louder than the entire choir, during lengthy rehearsals. Conducting 
is acommon avocation among singers but must be done with expert technique and 
special precautions to prevent voice injury. Hoarseness or loss of soft voice control 
after conducting a rehearsal or concert suggests voice abuse during conducting. The 
patient should be instructed to record his or her voice throughout the vocal range 
singing long notes at dynamics from soft to loud to soft. Recordings should be made 
prior to rehearsal and following rehearsal. If the voice has lost range, control, or 
quality during the rehearsal, voice abuse has occurred. A similar test can be used for 
patients who sing in choirs, teach voice, or perform other potentially abusive vocal 
activities. Such problems in conductors can generally be managed by additional 
training in conducting techniques and by voice training, including warm-up and 
cooldown exercises. 

Teaching singing may also be hazardous to vocal health. It can be done safely but 
requires skill and thought. Most teachers teach while seated at the piano. Late in a 
long, hard day, this posture is not conducive to maintenance of optimal abdominal 
and back support. Usually, teachers work with students continually positioned to the 
right or left of the keyboard. This may require the teacher to turn his or her neck at 
a particularly sharp angle, especially when teaching at an upright piano. Teachers 
also often demonstrate vocal works in their students’ vocal ranges rather than their 
own, illustrating bad as well as good technique. If a singing teacher is hoarse or has 
neck discomfort, or his or her soft singing control deteriorates at the end of a teach- 
ing day (assuming that the teacher warms up before beginning to teach voice les- 
sons), voice abuse should be suspected. Helpful modifications include teaching with 
a grand piano, sitting slightly sideways on the piano bench, or alternating student 
position to the right and left of the piano to facilitate better neck alignment. Retaining 
an accompanist so that the teacher can stand rather than teach from sitting behind a 
piano, and many other helpful modifications, are possible. 


2.2 Do You Have Pain When You Talk or Sing? 


Odynophonia, or pain caused by phonation, can be a disturbing symptom. It is not 
uncommon, but relatively little has been written or discussed on this subject. A 
detailed review of odynophonia is beyond the scope of this publication. However, 
laryngologists should be familiar with the diagnosis and treatment of at least a few 
of the most common causes, at least, as discussed elsewhere in this book. 
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2.2.1 What Kind of Physical Condition Are You In? 


Phonation is an athletic activity that requires good conditioning and coordinated 
interaction of numerous physical functions. Maladies of any part of the body may 
be reflected in the voice. Failure to maintain good abdominal muscle tone and respi- 
ratory endurance through exercise is particularly harmful because deficiencies in 
these areas undermine the power source of the voice. Patients generally attempt to 
compensate for such weaknesses by using inappropriate muscle groups, particularly 
in the neck, causing vocal dysfunction. Similar problems may occur in the well- 
conditioned vocalist in states of fatigue. These are compounded by mucosal changes 
that accompany excessively long hours of hard work. Such problems may be seen 
even in the best singers shortly before important performances in the height of the 
concert season. 

A popular but untrue myth holds that great opera singers must be obese. 
However, the vivacious, gregarious personality that often distinguishes the great 
performer seems to be accompanied frequently by a propensity for excess, espe- 
cially culinary excess. This excess is as undesirable in the vocalist as it is in most 
other athletic artists, and it should be prevented from the start of one’s vocal 
career. Appropriate and attractive body weight has always been valued in the pop 
music world and is becoming particularly important in the opera world as this 
formerly theater-based art form moves to television and film media. However, 
attempts at weight reduction in an established speaker or singer are a different 
matter. The vocal mechanism is a finely tuned, complex instrument and is exqui- 
sitely sensitive to minor changes. Substantial fluctuations in weight frequently 
cause deleterious alterations of the voice, although these are usually temporary. 
Weight reduction programs for people concerned about their voices must be mon- 
itored carefully and designed to reduce weight in small increments over long peri- 
ods. A history of sudden recent weight change may be responsible for almost any 
vocal complaint. 


2.2.2 How Is Your Hearing? 


Hearing loss can cause substantial problems for singers and other professional 
voice users. This may be true especially when the voice patient is unaware that he 
or she has hearing loss. Consequently, not only should voice patients be asked about 
hearing loss, tinnitus, vertigo, and family history of hearing loss, but it is also help- 
ful to inquire of spouses, partners, friends, or others who may have accompanied 
the patient to the office whether they have suspected a hearing impairment in the 
patient. 
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2.2.3 Have You Noted Voice or Bodily Weakness, Tremor, 
Fatigue, or Loss of Control? 


Even minor neurologic disorders may be extremely disruptive to vocal function. 
Specific questions should be asked to rule out neuromuscular and neurologic dis- 
eases such as myasthenia gravis, Parkinson’s disease, tremors, other movement dis- 
orders, spasmodic dysphonia, multiple sclerosis, central nervous system neoplasm, 
and other serious maladies that may be present with voice complaints. 


2.2.4 Do You Have Allergy or Cold Symptoms? 


Acute upper respiratory tract infection causes inflammation of the mucosa, alters 
mucosal secretions, and makes the mucosa more vulnerable to injury. Coughing and 
throat clearing are particularly traumatic vocal activities and may worsen or pro- 
voke hoarseness associated with a cold. Postnasal drip and allergy may produce the 
same response. Infectious sinusitis is associated with discharge and diffuse mucosal 
inflammation, resulting in similar problems, and may actually alter the sound of a 
voice, especially the patient’s own perception of his or her voice. Futile attempts to 
compensate for disease of the supraglottic vocal tract in an effort to return the sound 
to normal frequently result in laryngeal strain. The expert singer or speaker should 
compensate by monitoring technique by tactile rather than by auditory feedback, or 
singing “by feel” rather than “by ear.” 


2.2.5 Do You Have Breathing Problems, Especially 
After Exercise? 


Voice patients usually volunteer information about upper respiratory tract infections 
and postnasal drip, but the relevance of other maladies may not be obvious to them. 
Consequently, the physician must seek out pertinent history. 

Respiratory problems are especially important in voice patients. Even mild respi- 
ratory dysfunction may adversely affect the power source of the voice [8]. Occult 
asthma may be particularly troublesome [9]. A complete respiratory history should 
be obtained in most patients with voice complaints, and pulmonary function testing 
is often advisable. 


2.2.6 Have You Been Exposed to Environmental Irritants? 


Any mucosal irritant can disrupt the delicate vocal mechanism. Allergies to dust and 
mold are aggravated commonly during rehearsals and performances in concert 
halls, especially older theaters and concert halls, because of numerous curtains, 
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backstage trappings, and dressing room facilities that are rarely cleaned thoroughly. 
Nasal obstruction and erythematous conjunctivae suggest generalized mucosal irri- 
tation. The drying effects of cold air and dry heat may also affect mucosal secre- 
tions, leading to decreased lubrication, a “scratchy” voice, and tickling cough. 
These symptoms may be minimized by nasal breathing, which allows inspired air to 
be filtered, warmed, and humidified. Nasal breathing, whenever possible, rather 
than mouth breathing, is a proper vocal technique. While the performer is backstage 
between appearances or during rehearsals, inhalation of dust and other irritants may 
be controlled by wearing a protective mask, such as those used by carpenters, or a 
surgical mask that does not contain fiberglass. This is especially helpful when sets 
are being constructed in the rehearsal area. 

A history of recent travel suggests other sources of mucosal irritation. The air in 
airplanes is extremely dry, and airplanes are noisy [10]. One must be careful to 
avoid talking loudly and to maintain good hydration and nasal breathing during air 
travel. Environmental changes can also be disruptive. Las Vegas is infamous for the 
mucosal irritation caused by its dry atmosphere and smoke-filled rooms. In fact, the 
resultant complex of hoarseness, vocal “tickle,” and fatigue is referred to as “Las 
Vegas voice.” A history of recent travel should also suggest jet lag and generalized 
fatigue, which may be potent detriments to good vocal function. 

Environmental pollution is responsible for the presence of toxic substances and 
conditions encountered daily. Inhalation of toxic pollutants may affect the voice 
adversely by direct laryngeal injury, by causing pulmonary dysfunction that results 
in voice maladies, or through impairments elsewhere in the vocal tract. Ingested 
substances, especially those that have neurolaryngologic effects, may also adversely 
affect the voice. Nonchemical environmental pollutants such as noise can cause 
voice abnormalities, as well. Laryngologists should be familiar with the laryngo- 
logic effects of the numerous potentially irritating substances and conditions found 
in the environment. We must also be familiar with special pollution problems 
encountered by performers. Numerous materials used by artists to create sculptures, 
drawings, and theatrical sets are toxic and have adverse voice effects. In addition, 
performers are exposed routinely to chemicals encountered through stage smoke 
and pyrotechnic effects. Although it is clear that some of the “special effects” may 
result in serious laryngologic consequences, much additional study is needed to 
clarify the nature and scope of these occupational problems. 


2.2.7 Do You Smoke, Live with a Smoker, or Work 
Around Smoke? 


The effects of smoking on voice performance were reviewed recently in the Journal 
of Singing [11], and that review is recapitulated here. Smoking tobacco is the num- 
ber one cause of preventable death in the United States as well as the leading cause 
of heart disease, stroke, emphysema, and cancer. The Centers for Disease Control 
and Prevention (CDC) attributes approximately 442,000 premature (shortened life 
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expectancy) deaths annually in the United States to smoking, which is more than the 
combined incidence of deaths caused by highway accidents, fires, murders, illegal 
drugs, suicides, and AIDS [12]. Approximately four million deaths per year world- 
wide result from smoking, and if this trend continues, by 2030, this figure will 
increase to about ten million deaths globally [13]. In addition to causing life- 
threatening diseases, smoking impairs a great many body systems, including the 
vocal tract. Harmful consequences of smoking or being exposed to smoke influence 
voice performance adversely. 

Singers need good vocal health to perform well. Smoking tobacco can irritate the 
mucosal covering of the vocal folds, causing redness and chronic inflammation, and 
can have the same effect on the mucosal lining of the lungs, trachea, nasopharynx 
(behind the nose and throat), and mouth. In other words, the components of voice 
production—the generator, the oscillator, the resonator, and the articulator—all can 
be compromised by the harmful effects of tobacco use. The onset of effects from 
smoking may be immediate or delayed. 

Individuals who have allergies and/or asthma are usually more sensitive to ciga- 
rette smoke with potential for an immediate adverse reaction involving the lungs, 
larynx, nasal cavities, and/or eyes. Chronic use of tobacco, or exposure to it, causes 
the toxic chemicals in tobacco to accumulate in the body, damaging the delicate 
linings of the vocal tract, as well as the lungs, heart, and circulatory system. 

The lungs are critical components of the power source of the vocal tract. They 
help generate an airstream that is directed superiorly through the trachea toward the 
undersurface of the vocal folds. The vocal folds respond to the increase in subglottic 
pressure by producing sounds of variable intensities and frequencies. The number 
of times per second the vocal fold vibrate influences the pitch, and the amplitude of 
the mucosal wave influences the loudness of the sound. The sound produced by the 
vibration (oscillation) of the vocal folds passes upward through the oral cavity and 
nasopharynx where it resonates, giving the voice its richness and timbre, and even- 
tually it is articulated by the mouth, teeth, lips, and tongue into speech or song. 

Any condition that adversely affects lung function such as chronic exposure to 
smoke or uncontrolled asthma can contribute to dysphonia by impairing the strength, 
endurance, and consistency of the airsteam responsible for establishing vocal fold 
oscillation. Any lesion that compromises vocal fold vibration and glottic closure can 
cause hoarseness and breathiness. Inflammation of the cover layer of the vocal folds 
and/or the mucosal lining of the nose, sinuses, and oral nasopharyngeal cavities can 
affect the quality and clarity of the voice. 

Tobacco smoke can damage the lungs’ parenchyma and the exchange of air 
through respiration. Cigarette manufacturers add hundreds of ingredients to their 
tobacco products to improve taste, to make smoking seem milder and easier to 
inhale, and to prolong burning and shelf life [14]. More than 3000 chemical com- 
pounds have been identified in tobacco smoke, and more than 60 of these com- 
pounds are carcinogens [15]. The tobacco plant, Nicotiana tabacum, is grown for its 
leaves, which can be smoked, chewed, or sniffed with various effects. The nicotine 
in tobacco is the addictive component and rivals crack cocaine in its ability to 
enslave its users. Most smokers want to stop, yet only a small percentage are 
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successful in quitting cigarettes; the majority who quit relapse into smoking once 
again [16]. Tar and carbon monoxide are among the disease-causing components in 
tobacco products. The tar in cigarettes exposes the individual to a greater risk of 
bronchitis, emphysema, and lung cancer. These chemicals affect the entire vocal 
tract as well as the cardiovascular system (Table 2.1). 

Cigarette smoke in the lungs can lead also to increased vascularity, edema, and 
excess mucous production, as well as epithelial tissue and cellular changes. The 
toxic agents in cigarette smoke have been associated with an increase in the number 
and severity of asthma attacks, chronic bronchitis, emphysema, and lung cancer, all 
of which can interfere with the lungs’ ability to generate the stream of air needed for 


voice production. 


Table 2.1 Chemical 
additives found in 
tobaccos and 
commercial products 


Tobacco chemical 
additives 


Acetic acid 


Also found in 


Vinegar, hair dye 


Acetone Nail polish remover 

Ammonia Floor cleaner, toilet cleaner 

Arsenic Poison 

Benzene A leukemia-producing agent in rubber 
cement 

Butane Cigarette lighter fluid 

Cadmium Batteries, some oil paints 


Carbon monoxide 


Car exhaust 


DDT Insecticides 

Ethanol Alcohol 

Formaldehyde Embalming fluid, fabric, laboratory 
animals 

Hexamine Barbecue lighter 

Hydrazine Jet fuel, rocket fuel 

Hydrogen cyanide Gas chamber poison 

Methane Swamp gas 

Methanol Rocket fuel 

Naphthalene Explosives, mothballs, paints 

Nickel Electroplating 

Nicotine Insecticides 

Nitrobenzene Gasoline additive 

Nitrous oxide phenols | Disinfectant 


Phenol 


Disinfectants, plastics 


Polonium-210 


A radioactive substance 


Stearic acid 


Candle wax 


Styrene 


Insulation materials 


Toluene 


Industrial solvent, embalmer’s glue 


Vinyl chloride 


Plastic manufacturing, garbage bags 
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Chronic bronchitis due to smoking has been associated with an increase in the 
number of goblet (mucous) cells, an increase in the size (hyperplasia) of the mucosal 
secreting glands, and a decrease in the number of ciliated cells, the cells used to clean 
the lungs. Chronic cough and sputum production are also seen more commonly in 
smokers compared with nonsmokers. Also, the heat and chemicals of unfiltered ciga- 
rette and marijuana smoke are especially irritating to the lungs and larynx. 

An important component of voice quality is the symmetrical, unencumbered 
vibration of the true vocal folds. Anything that prevents the epithelium covering the 
vocal folds from vibrating or affects the loose connective tissue under the epithe- 
lium (in the superficial layer of the lamina propria known as the Reinke’s space) can 
cause dysphonia. Cigarette smoking can cause the epithelium of the true vocal folds 
to become red and swollen, develop whitish discolorations (leukoplakia), undergo 
chronic inflammatory changes, or develop squamous metaplasia or dysplasia (tissue 
changes from normal to a potentially malignant state). In chronic smokers, the voice 
may become husky due to the accumulation of fluid in the Reinke’s space (Reinke’s 
edema). These alterations in structure can interfere with voice production by chang- 
ing the biomechanics of the vocal folds and their vibratory characteristics. In severe 
cases, cancer can deform and paralyze the vocal folds. 

Vocal misuse often follows in an attempt to compensate for dysphonia and an 
alerted self-perception of one’s voice. The voice may feel weak, breathy, raspy, or 
strained. There may be a loss of range, vocal breaks, long warm-up time, and 
fatigue. The throat may feel raw, achy, or tight. As the voice becomes unreliable, 
bad habits increase as the individual struggles harder and harder to compensate 
vocally. As selected sound waves move upward, from the larynx toward and through 
the pharynx, nasopharynx, mouth, and nose (the resonators), sounds gain a unique 
richness and timbre. Exposing the pharynx to cigarette smoke aggravates the linings 
of the oropharynx, mouth, nasopharynx, sinuses, and nasal cavities. The resulting 
erythema, swelling, and inflammation predispose one to nasal congestion and 
impaired mucosal function; there may be predisposition to sinusitis and pharyngitis, 
in which the voice may become hyponasal, the sinus achy, and the throat painful. 

Although relatively rare in the United States, cancer of the nasopharynx has been 
associated with cigarette smoking [17], and one of the presenting symptoms is uni- 
lateral hearing loss due to fluid in the middle ear caused by eustachian tube obstruc- 
tion from the cancer. Smoking-induced cancers of the oral cavity, pharynx, larynx, 
and lung are common throughout the world, including in the United States. 

The palate, tongue, cheeks, lips, and teeth articulate the sound modified by the 
resonators into speech. Cigarettes, cigar, or pipe smoking may cause a “black hairy 
tongue,” precancerous oral lesions (leukoplakia), and/or cancer of the tongue and 
lips [18]. Any irritation that causes burning or inflammation of the oral mucosa can 
affect phonation, and all tobacco products are capable of causing these effects. 

Smokeless “spit” tobacco is highly addictive, and users who dip 8—10 times a day 
may get the same nicotine exposure as those who smoke 1% to 2 packs of cigarettes 
per day [19]. Smokeless tobacco has been associated with gingivitis, cheek carci- 
noma, and cancer of the larynx and hypopharynx. 

Exposure to environmental tobacco smoke (ETS), also called secondhand smoke, 
sidestream smoke, or passive smoke, accounts for an estimated 3000 lung cancer 
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deaths and approximately 35,000 deaths in the United States from heart disease in 
nonsmoking adults [20]. 

Secondhand smoke is the “passive” inhalation of tobacco smoke from environ- 
mental sources such as smoke given off by pipes, cigars, cigarettes (side-stream), or 
the smoke exhaled from the lungs of smokers and inhaled by other people (main- 
stream). This passive smoke contains a mixture of thousands of chemicals, some of 
which are known to cause cancer. The National Institutes of Health (NIH) lists ETS 
as a “known” carcinogen, and the more you are exposed to secondhand smoke, the 
greater your risk [21]. 

Infants and young children are affected particularly by secondhand smoke with 
increased incidences of otitis media (ear infections), bronchitis, and pneumonia. If 
small children are exposed to secondhand smoke, the child’s resulting illness can 
have a stressful effect on the parent who frequently catches the child’s illness. Both 
the illness and the stress of caring for the sick child may interfere with voice perfor- 
mance. People who are exposed routinely to secondhand smoke are at risk for lung 
cancer, heart disease, respiratory infection, and an increased number of asthma 
attacks [22]. 

There is an intricate relationship between the lungs, larynx, pharynx, nose, and 
mouth in the production of speech and song. Smoking can have deleterious effects 
on any part of the vocal tract, causing the respiratory system to lose power, damag- 
ing the vibratory margins of the vocal folds, and detracting from the richness and 
beauty of a voice. 

The deleterious effects of tobacco smoke on mucosa are indisputable. Anyone 
concerned about the health of his or her voice should not smoke. Smoking causes 
erythema, mild edema, and generalized inflammation throughout the vocal tract. 
Both smoke itself and the heat of the cigarette appear to be important. Marijuana 
produces a particularly irritating, unfiltered smoke that is inhaled directly, causing 
considerable mucosal response. Voice patients who refuse to stop smoking mari- 
juana should at least be advised to use a water pipe to cool and partially filter the 
smoke. Some vocalists are required to perform in smoke-filled environments and 
may suffer the same effects as the smokers themselves. In some theaters, it is pos- 
sible to place fans upstage or direct the ventilation system so as to create a gentle 
draft toward the audience, clearing the smoke away from the stage. “Smoke eaters” 
installed in some theaters are also helpful. 


2.2.8 Do Any Foods Seem to Affect Your Voice? 


Various foods are said to affect the voice. Traditionally, singers avoid milk and ice 
cream before performances. In many people, these foods seem to increase the 
amount and viscosity of mucosal secretions. Allergy and casein have been impli- 
cated, but no satisfactory explanation has been established. In some cases, restric- 
tion of these foods from the diet before a voice performance may be helpful. 
Chocolate may have the same effect and should be viewed similarly. Chocolate also 
contains caffeine, which may aggravate reflux or cause tremor. Voice patients should 
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be asked about eating nuts. This is important not only because some people experi- 
ence effects similar to those produced by milk products and chocolate but also 
because they are extremely irritating if aspirated. The irritation produced by aspira- 
tion of even a small organic foreign body may be severe and impossible to correct 
rapidly enough to permit performance. Highly spiced foods may also cause mucosal 
irritation. In addition, they seem to aggravate reflux laryngitis. Coffee and other 
beverages containing caffeine also aggravate gastric reflux and may promote dehy- 
dration and/or alter secretions and necessitate frequent throat clearing in some peo- 
ple. Fad diets, especially rapid weight-reducing diets, are notorious for causing 
voice problems. Eating a full meal before a speaking or singing engagement may 
interfere with abdominal support or may aggravate upright reflux of gastric juice 
during abdominal muscle contraction. Lemon juice and herbal teas are considered 
beneficial to the voice. Both may act as demulcents, thinning secretions, and may 
very well be helpful. 


2.2.9 Do You Have Morning Hoarseness, Bad Breath, 
Excessive Phlegm, a Lump in Your Throat, 
or Heartburn? 


Reflux laryngitis is especially common among singers and trained speakers because 
of the high intraabdominal pressure associated with proper support and because of 
lifestyle. Singers frequently perform at night. Many vocalists refrain from eating 
before performances because a full stomach can compromise effective abdominal 
support. They typically compensate by eating heartily at postperformance gather- 
ings late at night and then go to bed with a full stomach. 

Chronic irritation of arytenoid and vocal fold mucosa by reflux of gastric secre- 
tions may occasionally be associated with dyspepsia or pyrosis. However, the key 
features of this malady are bitter taste and halitosis on awakening in the morning, a 
dry or “coated” mouth, often a scratchy sore throat or a feeling of a “lump in the 
throat,” hoarseness, and the need for prolonged vocal warm-up. The physician must 
be alert to these symptoms and ask about them routinely; otherwise, the diagnosis 
will often be overlooked, because people who have had this problem for many years 
or a lifetime do not even realize it is abnormal. 


2.2.10 Do You Have Trouble with Your Bowels or Belly? 


Any condition that alters abdominal function, such as muscle spasm, constipation, 
or diarrhea, interferes with support and may result in a voice complaint. These 
symptoms may accompany infection, anxiety, various gastroenterological diseases, 
and other maladies. 
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2.2.11 Are You Under Particular Stress or in Therapy? 


The human voice is an exquisitely sensitive messenger of emotion. Highly trained 
voice professionals learn to control the effects of anxiety and other emotional stress 
on their voices under ordinary circumstances. However, in some instances, this 
training may break down or a performer may be inadequately prepared to control 
the voice under specific stressful conditions. Preperformance anxiety is the most 
common example, but insecurity, depression, and other emotional disturbances are 
also generally reflected in the voice. Anxiety reactions are mediated in part through 
the autonomic nervous system and result in a dry mouth, cold clammy skin, and 
thick secretions. These reactions are normal, and good vocal training coupled with 
assurance that no abnormality or disease is present generally overcomes them. 
However, long-term, poorly compensated emotional stress and exogenous stress 
(from agents, producers, teachers, parents, etc.) may cause substantial vocal dys- 
function and may result in permanent limitations of the vocal apparatus. These con- 
ditions must be diagnosed and treated expertly. Hypochondriasis is uncommon 
among professional singers, despite popular opinion to the contrary. 

Recent publications have highlighted the complexity and importance of psycho- 
logical factors associated with voice disorders [23]. A comprehensive discussion of 
this subject is also presented elsewhere in this book. It is important for the physician 
to recognize that psychological problems may not only cause voice disorders but 
also delay recovery from voice disorders that were entirely organic in etiology. 
Professional voice users, especially singers, have enormous psychological invest- 
ment and personality identifications associated with their voices. A condition that 
causes voice loss or permanent injury often evokes the same powerful psychological 
responses seen following the death of a loved one. This process may be initiated 
even when physical recovery is complete if an incident (injury or surgery) has made 
the vocalist realize that voice loss is possible. Such a “brush with death” can have 
profound emotional consequences in some patients. It is essential for laryngologists 
to be aware of these powerful factors and manage them properly if optimal thera- 
peutic results are to be achieved expeditiously. 


2.2.12 Do You Have Problems Controlling Your Weight? Are 
You Excessively Tired? Are You Cold When Other 
People Are Warm? 


Endocrine problems warrant special attention. The human voice is extremely sensi- 
tive to endocrinologic changes. Many of these are reflected in alterations of fluid 
content of the lamina propria just beneath the laryngeal mucosa. This causes altera- 
tions in the bulk and shape of the vocal folds and results in voice change. 
Hypothyroidism [24-28] is a well-recognized cause of such voice disorders, 
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although the mechanism is not fully understood. Hoarseness, vocal fatigue, muf- 
fling of the voice, loss of range, and a sensation of a lump in the throat may be pres- 
ent even with mild hypothyroidism. Even when thyroid function tests results are 
within the low normal range, this diagnosis should be entertained, especially if 
thyroid-stimulating hormone levels are in the high normal range or are elevated. 
Thyrotoxicosis may result in similar voice disturbances [25]. 


2.2.13 Do You Have Menstrual Irregularity, Cyclical Voice 
Changes Associated with Menses, Recent Menopause, 
or Other Hormonal Changes or Problems? 


Voice changes associated with sex hormones are encountered commonly in clinical 
practice and have been investigated more thoroughly than have other hormonal 
changes [29, 30]. Although a correlation appears to exist between sex hormone lev- 
els and depth of male voices (higher testosterone and lower estradiol levels in basses 
than in tenors) [29], the most important hormonal considerations in males occur 
during or related to puberty [31, 32]. Voice problems related to sex hormones are 
more common in female singers (C. Carroll, personal communication with Dr. Hans 
von Leden. Arizona State University at Tempe, 1992) [32—48]. 


2.2.14 Do You Have Jaw Joint or Other Dental Problems? 


Dental disease, especially temporomandibular joint (TMJ) dysfunction, introduces 
muscle tension in the head and neck, which is transmitted to the larynx directly 
through the muscular attachments between the mandible and the hyoid bone and 
indirectly as generalized increased muscle tension. These problems often result in 
decreased range, vocal fatigue, and change in the quality or placement of a voice. 
Such tension often is accompanied by excess tongue muscle activity, especially 
pulling of the tongue posteriorly. This hyperfunctional behavior acts through hyoid 
attachments to disrupt the balance between the intrinsic and extrinsic laryngeal 
musculature. TMJ problems are also problematic for wind instrumentalists and 
some string players, including violinists. In some cases, the problems may actually 
be caused by instrumental technique. The history should always include informa- 
tion about musical activities, including instruments other than the voice. 


2.2.15 Do You or Your Blood Relatives Have Hearing Loss? 


Hearing loss is often overlooked as a source of vocal problems. Auditory feedback 
is fundamental to speaking and singing. Interference with this control mechanism 
may result in altered vocal production, particularly if the person is unaware of the 
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hearing loss. Distortion, particularly pitch distortion (diplacusis), may also pose 
serious problems for the singer. This appears to be due not only to aesthetic difficul- 
ties in matching pitch but also to vocal strain that accompanies pitch shifts [49]. 

In addition to determining whether the patient has hearing loss, inquiry should 
also be made about hearing impairment occurring in family members, roommates, 
and other close associates. Speaking loudly to people who are hard of hearing can 
cause substantial, chronic vocal strain. This possibility should be investigated rou- 
tinely when evaluating voice patients. 


2.2.16 Have you Suffered Whiplash or Other Bodily Injury? 


Various bodily injuries outside the confines of the vocal tract may have profound 
effects on the voice. Whiplash, for example, commonly causes changes in tech- 
nique, with consequent voice fatigue, loss of range, difficulty singing softly, and 
other problems. These problems derive from the neck muscle spasm, abnormal neck 
posturing secondary to pain, and consequent hyperfunctional voice use. Lumbar, 
abdominal, head, chest, supraglottic, and extremity injuries may also affect vocal 
technique and be responsible for the dysphonia that prompted the voice patient to 
seek medical attention. 


2.2.17 Did You Undergo Any Surgery Prior to the Onset 
of Your Voice Problems? 


A history of laryngeal surgery in a voice patient is a matter of great concern. It is 
important to establish exactly why the surgery was done, by whom it was done, 
whether intubation was necessary, and whether voice therapy was instituted pre- or 
postoperatively if the lesion was associated with voice abuse (vocal nodules). If the 
vocal dysfunction that sent the patient to the physician’s office dates from the imme- 
diate postoperative period, surgical trauma must be suspected. 

Otolaryngologists frequently are asked about the effects of tonsillectomy on the 
voice. Singers especially may consult the physician after tonsillectomy and com- 
plain of vocal dysfunction. Certainly removal of tonsils can alter the voice [50, 51]. 
Tonsillectomy changes the configuration of the supraglottic vocal tract. In addition, 
scarring alters pharyngeal muscle function, which is trained meticulously in the 
professional singer. Singers must be warned that they may have permanent voice 
changes after tonsillectomy; however, these can be minimized by dissecting in the 
proper plane to lessen scarring. The singer’s voice generally requires 3—6 months to 
stabilize or return to normal after surgery, although it is generally safe to begin lim- 
ited singing within 2—4 weeks following surgery. As with any procedure for which 
general anesthesia may be needed, the anesthesiologist should be advised preopera- 
tively that the patient is a professional singer. Intubation and extubation should be 
performed with great care, and the use of nonirritating plastic rather than rubber or 


36 2 Patient History 


ribbed metal endotracheal tubes is preferred. Use of a laryngeal mask may be advis- 
able for selected procedures for mechanical reasons, but this device is often not 
ideal for tonsillectomy, and it can cause laryngeal injury such as arytenoid 
dislocation. 

Surgery of the neck, such as thyroidectomy, may result in permanent alterations 
in the vocal mechanism through scarring of the extrinsic laryngeal musculature. The 
cervical (strap) muscles are important in maintaining laryngeal position and stabil- 
ity of the laryngeal skeleton, and they should be retracted rather than divided when- 
ever possible. A history of recurrent or superior laryngeal nerve injury may explain 
a hoarse, breathy, or weak voice. However, in rare cases, even a singer can compen- 
sate for recurrent laryngeal nerve paralysis and have a nearly normal voice. 

Thoracic and abdominal surgery interferes with respiratory and abdominal sup- 
port. After these procedures, singing and projected speaking should be prohibited 
until pain has subsided and healing has occurred sufficiently to allow normal sup- 
port. Abdominal exercises should be instituted before resumption of vocalizing. 
Singing and speaking without proper support are often worse for the voice than not 
using the voice for performance at all. 

Other surgical procedures may be important factors if they necessitate intubation 
or if they affect the musculoskeletal system so that the person has to change stance 
or balance. For example, balancing on 1 foot after leg surgery may decrease the 
effectiveness of the support mechanism. 


2.2.18 What Medications and Other Substances Do You Use? 


A history of alcohol abuse suggests the probability of poor vocal technique. 
Intoxication results in incoordination and decreased awareness, which undermine 
vocal discipline designed to optimize and protect the voice. The effect of small 
amounts of alcohol is controversial. Although many experts oppose its use because 
of its vasodilatory effect and consequent mucosal alteration, many people do not 
seem to be adversely affected by small amounts of alcohol such as a glass of wine 
with a meal. However, some people have mild sensitivities to certain wines or beers. 
Patients who develop nasal congestion and rhinorrhea after drinking beer, for exam- 
ple, should be made aware that they probably have a mild allergy to that particular 
beverage and should avoid it before voice commitments. 

Patients frequently acquire antihistamines to help control “postnasal drip” or 
other symptoms. The drying effect of antihistamines may result in decreased vocal 
fold lubrication, increased throat clearing, and irritability leading to frequent cough- 
ing. Antihistamines may be helpful to some voice patients, but they must be used 
with caution. 

When a voice patient seeking the attention of a physician is already taking anti- 
biotics, it is important to find out the dose and the prescribing physician, if any, as 
well as whether the patient frequently treats himself or herself with inadequate 
courses of antibiotics often supplied by colleagues. Singers, actors, and other 


References 37 


speakers sometimes have a “sore throat” shortly before important vocal presenta- 
tions and start themselves on inappropriate antibiotic therapy, which they generally 
discontinue after their performance. 

Diuretics are also popular among some performers. They are often prescribed by 
gynecologists at the vocalist’s request to help deplete excess water in the premen- 
strual period. They are not effective in this scenario, because they cannot diurese the 
protein-bound water in the laryngeal ground substance. Unsupervised use of these 
drugs may cause dehydration and consequent mucosal dryness. 

Hormone use, especially use of oral contraceptives, must be mentioned specifi- 
cally during the physician’s inquiry. Women frequently do not mention them rou- 
tinely when asked whether they are taking any medication. Vitamins are also 
frequently not mentioned. Most vitamin therapy seems to have little effect on the 
voice. However, high-dose vitamin C (5—6 g/day), which some people use to pre- 
vent upper respiratory tract infections, seems to act as a mild diuretic and may lead 
to dehydration and xerophonia [52]. 

Cocaine use is common, especially among pop musicians. This drug can be 
extremely irritating to the nasal mucosa, causes marked vasoconstriction, and may 
alter the sensorium, resulting in decreased voice control and a tendency toward 
vocal abuse. 

Many pain medications (including aspirin and ibuprofen), psychotropic medica- 
tions, and others may be responsible for a voice complaint. So far, no adverse vocal 
effects have been reported with selective COX-2 inhibiting anti-inflammatory medi- 
cations (which do not promote bleeding, as do other nonsteroidal anti-inflammatory 
medicines and aspirin) such as celecoxib (Celebrex; Pfizer, Inc, New York, 
New York) and valecoxib (Bextra; Pharmacia Corp, New York, New York). 
However, this group of drugs has been demonstrated to have other side effects, and 
should in our view only be taken under the care of a physician [53]. The effects of 
other new medications such as sildenafil citrate (Viagra; Pfizer, Inc) and medica- 
tions used to induce abortion remain unstudied and unknown, but it seems plausible 
that such medication may affect voice function, at least temporarily. Laryngologists 
should be familiar with the laryngologic effects of the many substances ingested 
medically and recreationally. 


Acknowledgments Modified in part from Sataloff RT. Professional Voice: The Science and Art 
of Clinical Care, 4th Edition. San Diego, CA: Plural Publishing; 2017, with permission. 
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Chapter 3 A 
Physical Examination crente; 


A detailed history frequently reveals the cause of a voice problem even before a 
physical examination is performed. However, a comprehensive physical examina- 
tion, often including objective assessment of voice function, also is essential [1-3]. 

Physical examination must include a thorough ear, nose, and throat evaluation 
and assessment of general physical condition. A patient who is extremely obese or 
appears fatigued, agitated, emotionally stressed, or otherwise generally ill has 
increased potential for voice dysfunction. This could be due to any number of fac- 
tors: altered abdominal support, loss of fine motor control of laryngeal muscles, 
decreased bulk of the submucosal vocal fold ground substance, change in the char- 
acter of mucosal secretions, or other similar mechanisms. Any physical condition 
that impairs the normal function of the abdominal musculature is suspected as a 
cause of dysphonia. Some conditions, such as pregnancy, are obvious; however, a 
sprained ankle or broken leg that requires the singer to balance in an unaccustomed 
posture may distract him or her from maintaining good abdominal support and 
thereby result in voice dysfunction. A tremorous neurologic disorder, endocrine dis- 
turbances such as thyroid dysfunction or menopause, the aging process, and other 
systemic conditions also may alter the voice. The physician must remember that 
maladies of almost any body system may result in voice dysfunction, and the doctor 
must remain alert for conditions outside the head and neck. If the patient uses his or 
her voice professionally for singing, acting, or other vocally demanding profes- 
sions, physical examination should also include assessment of the patient during 
typical professional vocal tasks. For example, a singer should be asked to sing. 
Evaluation techniques for assessing performance are described in greater detail 
elsewhere in this book. 
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3.1 Complete Ear, Nose, and Throat Examination 


Examination of the ears must include assessment of hearing acuity. Even a rela- 
tively slight hearing loss may result in voice strain as a singer tries to balance his or 
her vocal intensity with that of associate performers. Similar effects are encountered 
among speakers, but they are less prominent in the early stages of hearing loss. This 
is especially true of hearing losses acquired after vocal training has been completed. 
The effect is most pronounced with sensorineural hearing loss. Diplacusis, distor- 
tion of pitch perception, makes vocal strain even worse. With conductive hearing 
loss, singers tend to sing more softly than appropriate rather than too loudly, and 
this is less harmful. 

During an ear, nose, and throat examination, the conjunctivae and sclerae should 
be observed routinely for erythema that suggests allergy or irritation, for pallor that 
suggests anemia, and for other abnormalities such as jaundice. These observations 
may reveal the problem reflected in the vocal tract even before the larynx is visual- 
ized. Hearing loss in a spouse may be problematic as well if the voice professional 
strains vocally to communicate. 

The nose should be assessed for patency of the nasal airway, character of the 
nasal mucosa, and nature of secretions, if any. A patient who is unable to breathe 
through the nose because of anatomic obstruction is forced to breathe unfiltered, 
unhumidified air through the mouth. Pale gray allergic mucosa or swollen infected 
mucosa in the nose suggests abnormal mucosa elsewhere in the respiratory tract. 

Examination of the oral cavity should include careful attention to the tonsils and 
lymphoid tissue in the posterior pharyngeal wall, as well as to the mucosa. Diffuse 
lymphoid hypertrophy associated with a complaint of “scratchy” voice and irritative 
cough may indicate infection. The amount and viscosity of mucosal and salivary 
secretions also should be noted. Xerostomia is particularly important. The presence 
of scalloping of the lateral aspects of the tongue should be noted. This finding is 
caused commonly by tongue thrust and may be associated with inappropriate tongue 
tension and muscle tension dysphonia. Dental examination should focus not only on 
oral hygiene but also on the presence of wear facets suggestive of bruxism. Bruxism 
is a clue to excessive tension and may be associated with dysfunction of the tem- 
poromandibular joints, which should also be assessed routinely. Thinning of the 
enamel of the central incisors in a normal or underweight patient may be a clue to 
bulimia. However, it may also result from excessive ingestion of lemons, which 
some singers eat to help thin their secretions. 

The neck should be examined for masses, restriction of movement, excess mus- 
cle tension and/or spasm, and scars from prior neck surgery or trauma. Laryngeal 
vertical mobility is also important. For example, tilting of the larynx produced by 
partial fixation of cervical muscles cut during previous surgery may produce voice 
dysfunction, as may fixation of the trachea to overlying neck skin. Particular atten- 
tion should be paid to the thyroid gland. Examination of posterior neck muscles and 
range of motion should not be neglected. The cranial nerves should also be exam- 
ined. Diminished fifth nerve sensation, diminished gag reflex, palatal deviation, or 
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other mild cranial nerve deficits may indicate cranial polyneuropathy. Postviral, 
infectious neuropathies may involve the superior laryngeal nerve(s) and cause 
weakness of the vocal fold muscle secondary to decreased neural input, fatigability, 
and loss of range and projection in the voice. The recurrent laryngeal nerve is also 
affected in some cases. The more serious neurologic disease may also be associated 
with such symptoms and signs. 


3.2 Laryngeal Examination 


Examination of the larynx begins when the singer or other voice patient enters the 
physician’s office. The range, ease, volume, and quality of the speaking voice should 
be noted. If the examination is not being conducted in the patient’s native language, 
the physician should be sure to listen to a sample of the patient’s mother tongue, as 
well. Voice use is often different under the strain or habits of foreign language use. 
Rating scales of the speaking voice may be helpful [4, 5]. The classification pro- 
posed by the Japanese Society of Logopedics and Phoniatrics is one of the most 
widely used. It is known commonly as the GRBAS Voice Rating Scale and is dis- 
cussed below in the section on psychoacoustic evaluation [6]. 

Physicians are not usually experts in voice classification. However, the physi- 
cians should at least be able to discriminate substantial differences in range and 
timbre, such as between bass and tenor, or alto and soprano. Although the correla- 
tion between speaking and singing voices is not perfect, a speaker with a low, com- 
fortable bass voice who reports that he is a tenor may be misclassified and singing 
inappropriate roles with consequent voice strain. This judgment should be deferred 
to an expert, but the observation should lead the physician to make the appropriate 
referral. Excessive volume or obvious strain during speaking clearly indicates that 
voice abuse is present and may be contributing to the patient’s singing complaint. 
The speaking voice can be evaluated more consistently and accurately using stan- 
dardized reading passages, and such assessments are performed routinely by 
speech-language pathologists, by phoniatricians, and sometimes by laryngologists. 

The definition of “register” or “registration” is controversial, and many different 
terms are used by musicians and scientists. Often, the definitions are unclear. Terms 
to describe register include chest, creek, falsetto, head, heavy, light, little, low, mid- 
dle, modal, normal, pulse, upper, vocal fry, voce di petto, voce di mista, voce di 
testa, and whistle (also called flageolet and flute register). A register is a range of 
frequencies that has a consistent quality or timbre. The break between registers is an 
area of instability called the passaggio. During vocal training, singers are taught to 
integrate qualities of their various registers and to smooth and obscure the transition 
between registers. Registers occur not only in voices but also in some instruments, 
notably the organ. Vocal register changes are associated with changes in laryngeal 
musculature and in vocal fold shape. For example, in chest register, contraction of 
the thyroarytenoid muscles causes thickening of the vocal folds, with a square- 
shaped glottis and large vibratory margin contact area. In falsetto in men and head 
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voice in women, cricothyroid muscle contraction is dominant, vocal folds are elon- 
gated, and the contact area is much thinner and more triangular than in chest voice. 
Vertical phase differences are diminished in head voice in comparison with chest 
voice. Controversy remains on the use of traditional terms in males such as chest, 
middle, head and falsetto register, or chest and head register in females. Voice sci- 
entists commonly prefer terms such as modal register. In any case, health care pro- 
fessionals should understand that there is a difference between the terms register 
and range. For example, if a singer complains of inability to sing high notes, this 
should be described as a loss of upper range, not a loss of upper register. Register 
and range difficulties should be noted. 

Vibrato is a fluctuation of the fundamental frequency of a note. It is produced by 
the vocal mechanism under neural control and is present naturally in adult voices. 
The primary components of vibrato include rate (the number of frequency fluctua- 
tions per second), extent (number of Hertz of fluctuation above and below the center 
frequency), regularity (consistency of frequency variations from one cycle to the 
next), and wave form. Rate and extent have been studied most extensively and are 
arguably the most important components in determining how the vibrato is per- 
ceived. Natural vibrato generally is about 6 Hz. Vibrato rate is slower in males than 
in females, and vocal pitch and effort do not have a substantial influence on vibrato. 
However, singers are able to alter vibrato rate and pitch oscillation voluntarily for 
stylistic purposes. The athletic choice of vibrato rate varies over time. For example, 
vibrato rates of 6-7 Hz were popular in classical Western (operatic) singing in the 
early twentieth century, but a vibrato rate of 5.5-6 Hz was considered more attrac- 
tive by the end of the twentieth century. In general, pitch fluctuation covers about 1 
semitone (half a semitone above and half a semitone below the center frequency) at 
present. A prominent wobble, as may be heard in some elderly singers who are not 
in ideal physical and vocal condition generally, is referred to as a tremolo. The 
excessive pitch (and sometimes intensity) fluctuations are caused by muscle activ- 
ity, sometimes with a respiratory component, and are superimposed on the individ- 
ual’s vibrato in most cases, rather than actually being a widened, distorted vibrato. 
The true source of natural vibrato is uncertain, although the larynx, pharynx, tongue, 
and other components of the vocal tract may move in concert with vibrato, as well 
as with tremolo. Vibrato is thought not to be due primarily to phonatory structural 
activity rather than to respiratory source. The pressure of vibrato abnormalities or 
tremolo should be documented. 

Any patient with a voice complaint should be examined by indirect laryngoscopy 
at least. It is not possible to judge voice range, quality, or other vocal attributes by 
inspection of the vocal folds. However, the presence or absence of nodules, mass 
lesions, contact ulcers, hemorrhage, erythema, paralysis, arytenoid erythema 
(reflux), and other anatomic abnormalities must be established. Erythema and 
edema of the laryngeal surface of the epiglottis are seen often in association with 
muscle tension dysphonia and with frequent coughing or clearing of the throat. It is 
caused by direct trauma from the arytenoids during these maneuvers. The mirror or 
a laryngeal telescope often provides a better view of the posterior portion of the 
endolarynx than is obtained with flexible endoscopy. Stroboscopic examination 
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Fig. 3.1 Normal larynx 
showing the true vocal 
folds (V), false vocal folds 
(F), arytenoids (A), and 
epiglottis (E) 


adds substantially to diagnostic abilities (Fig. 3.1), as discussed below. Another 
occasionally helpful adjunct is the operating microscope. Magnification allows 
visualization of small mucosal disruptions and hemorrhages that may be significant 
but overlooked otherwise. This technique also allows photography of the larynx 
with a microscope camera. Magnification may also be achieved through magnifying 
laryngeal mirrors or by wearing loupes. Loupes usually provide a clearer image 
than do most of the magnifying mirrors available. 

A laryngeal telescope may be combined with a stroboscope to provide excellent 
visualization of the vocal folds and related structures. The author usually uses a 
70-degree laryngeal telescope, although 90-degree telescopes are required for some 
patients. The combination of a telescope and stroboscope provides optimal magni- 
fication and optical quality for assessment of vocal fold vibration. However, it is 
generally performed with the tongue in a fixed position, and the nature of the exami- 
nation does not permit assessment of the larynx during normal phonatory gestures. 

Flexible fiberoptic laryngoscopy can be performed as an office procedure and 
allows inspection of the vocal folds in patients whose vocal folds are difficult to 
visualize indirectly. In addition, it permits observation of the vocal mechanism in a 
more natural posture than does indirect laryngoscopy, permitting sophisticated 
dynamic voice assessment. In the hands of an experienced endoscopist, this method 
may provide a great deal of information about both speaking and singing tech- 
niques. The combination of a fiberoptic laryngoscope with a laryngeal stroboscope 
may be especially useful. This system permits magnification, photography, and 
detailed inspection of vocal fold motion. Sophisticated systems that permit flexible 
or rigid fiberoptic strobovideolaryngoscopy are currently available commercially. 
They are invaluable assets for routine clinical use. The video system also provides a 
permanent record, permitting reassessment, comparison over time, and easy consul- 
tation. A refinement not currently available commercially is stereoscopic fiberoptic 
laryngoscopy, accomplished by placing a laryngoscope through each nostril, fasten- 
ing the two together in the pharynx, and observing the larynx through the eyepieces 
[7]. This method allows visualization of laryngeal motion in three dimensions. 
However, it is used primarily in a research setting. 
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Rigid endoscopy under general anesthesia may be reserved for the rare patient 
whose vocal folds cannot be assessed adequately by other means or for patients who 
need surgical procedures to remove or biopsy laryngeal lesions. In some cases, this 
may be done with local anesthesia, avoiding the need for intubation and the trau- 
matic coughing and vomiting that may occur even after general anesthesia is admin- 
istered by mask. Coughing after general anesthesia may be minimized by using 
topical anesthesia in the larynx and trachea. However, topical anesthetics may act as 
severe mucosal irritants in a small number of patients. They may also predispose the 
patient to aspiration in the postoperative period. If a patient has had difficulty with 
a topical anesthetic administered in the office, it should not be used in the operating 
room. When used in general anesthesia cases, topical anesthetics should usually be 
applied at the end of the procedure. Thus, if inflammation occurs, it will not inter- 
fere with performance of microsurgery. Postoperative duration of anesthesia is also 
optimized. The author has had the least difficulty with 4% Xylocaine. 


3.3 Objective Tests 


Reliable, valid, objective analysis of the voice is extremely important and is an 
essential part of a comprehensive physical examination [2]. It is as valuable to the 
laryngologist as audiometry is to the otologist [8, 9]. Familiarity with some of the 
measures and technological advances currently available is helpful. This informa- 
tion is covered in greater detail elsewhere in this book but is included here as a brief 
overview for the convenience of the reader. 


3.3.1 Strobovideolaryngoscopy 


Integrity of the vibratory margin of the vocal fold is essential for the complex 
motion required to produce good vocal quality. Under continuous light, the vocal 
folds vibrate approximately 250 times per second while phonating at middle 
C. Naturally, the human eye cannot discern the necessary details during such rapid 
motion. The vibratory margin may be assessed through high-speed photography, 
strobovideolaryngoscopy, high-speed video, videokymography, electroglottogra- 
phy (EEG), or photoglottography. Strobovideolaryngoscopy provides the necessary 
clinical information in a practical fashion. Stroboscopic light allows routine slow- 
motion evaluation of the mucosal cover layer of the leading edge of the vocal fold. 
This state-of-the-art physical examination permits detection of vibratory asymme- 
tries, structural abnormalities, small masses, submucosal scars, and other conditions 
that are invisible under ordinary light [10, 11]. Documentation of the procedure by 
coupling stroboscopic light with the video camera allows later reevaluation by the 
laryngologist or other health care providers. 
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Stroboscopy does not provide a true slow-motion image, as obtained through 
high-speed photography (Fig. 3.2). The stroboscope actually illuminates different 
points on consecutive vocal fold waves, each of which is retained on the retina for 
0.2 s. The stroboscopically lighted portions of the successive waves are fused visu- 
ally, and thus the examiner is actually evaluating simulated cycles of phonation. The 
slow-motion effect is created by having the stroboscopic light desynchronized with 
the frequency of vocal fold vibration by approximately 2 Hz. When vocal fold 
vibration and the stroboscope are synchronized exactly, the vocal folds appear to 
stand still, rather than move in slow motion (Fig. 3.3). In most instances, this 
approximation of slow motion provides all the clinical information necessary. Our 
routine stroboscopy protocol is described elsewhere [11]. We use a modification of 
the standardized method of subjective assessment of strobovideolaryngoscopic 
images, as proposed by Bless et al. [12] and Hirano [13]. Characteristics evaluated 
include the fundamental frequency, the symmetry of movements, periodicity, glottic 


Fig. 3.2 The principle of 
ultrahigh-speed 
photography. Numerous 
images are taken during 
each vibratory cycle. This 
technique is a true 
slow-motion representation 
of each vocal fold vibration 


Fig. 3.3 The principle of stroboscopy. The stroboscopic light illuminates portions of successive 
cycles. The eye fuses the illuminated points into an illusion of slow motion. (a) If the stroboscope 
is synchronized with vocal fold vibration, a similar point is illuminated on each successive cycle 
and the vocal fold appears to stand still. (b) If the stroboscope is slightly desynchronized, each 
cycle is illuminated at a slightly different point, and the slow-motion effect is created 
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closure, the amplitude of vibration, the mucosal wave, the presence of nonvibrating 
portions of the vocal fold, and other unusual findings. With practice, perceptual 
judgments of stroboscopic images provide a great deal of information. However, it 
is easy for the inexperienced observer to draw unwarranted conclusions because of 
normal variations in vibration. Vibrations depend on fundamental frequency, inten- 
sity, and vocal register. For example, failure of glottic closure occurs normally in 
falsetto phonation. Consequently, it is important to note these characteristics and to 
examine each voice under a variety of conditions. 


3.3.2 Other Techniques to Examine Vocal Fold Vibration 


Other techniques to examine vocal fold vibration include ultrahigh-speed photogra- 
phy, electroglottography (EGG), photoelectroglottography and ultrasound glottog- 
raphy, and most recently videokymography [14] and high-speed video (digital or 
analog). Ultrahigh-speed photography provides images that are in true slow motion, 
rather than simulated. High-speed video offers similar advantages without most of 
the disadvantages of high-speed motion pictures. Videokymography offers high- 
speed imaging of a single line along the vocal fold. EGG uses two electrodes placed 
on the skin of the neck above the thyroid laminae. It traces the opening and closing 
of the glottis and can be compared with stroboscopic images [15]. EGG allows 
objective determination of the presence or absence of glottal vibrations and easy 
determination of the fundamental period of vibration and is reproducible. It reflects 
the glottal condition more accurately during its closed phase. Photo electroglottog- 
raphy and ultrasound glottography are less useful clinically [16]. 


3.3.3 Measures of Phonatory Ability 


Objective measures of phonatory ability are easy to use, readily available to the 
laryngologist, helpful in the treatment of professional vocalists with specific voice 
disorders, and quite useful in assessing the results of surgical therapies. Maximum 
phonation time is measured with a stopwatch. The patient is instructed to sustain the 
vowel /a/ for as long as possible after deep inspiration, vocalizing at a comfortable 
frequency and intensity. The frequency and intensity may be determined and con- 
trolled by an inexpensive frequency analyzer and sound level meter. The test is 
repeated three times, and the greatest value is recorded. Normal values have been 
determined [16]. Frequency range of phonation is recorded in semitones and docu- 
ments the vocal range from the lowest note in the modal register (excluding vocal 
fry) to the highest falsetto note. This is the physiologic frequency range of phona- 
tion and disregards quality. The musical frequency range of phonation measures 
lowest to highest notes of musically acceptable quality. Tests for maximum phona- 
tion time, frequency ranges, and many of the other parameters discussed later 
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(including spectrographic analysis) may be preserved on a tape recorder or digitized 
and stored for analysis at a convenient future time and used for pre- and post- 
treatment comparisons. Recordings should be made in a standardized, consistent 
fashion. 

Frequency limits of vocal register also may be measured. The registers are (from 
low to high) vocal fry, chest, mid, head, and falsetto. However, classification of 
registers is controversial, and many other classifications are used. Although the clas- 
sification listed above is common among musicians, at present, most voice scientists 
prefer to classify registers as pulse, modal, and loft. Overlap of frequency among 
registers occurs routinely. 

Testing the speaking fundamental frequency often reveals excessively low pitch, 
an abnormality associated with chronic voice abuse and development of vocal nod- 
ules. This parameter may be followed objectively throughout a course of voice 
therapy. Intensity range of phonation (IRP) has proven a less useful measure than 
frequency range. It varies with fundamental frequency (which should be recorded) 
and is greatest in the middle frequency range. It is recorded in sound pressure level 
(SPL) (re 0.0002 microbar). For healthy adults who are not professional vocalists, 
measuring at a single fundamental frequency, IRP averages 54.8 dB for males and 
51 dB for females [17]. Alterations of intensity are common in voice disorders, 
although IRP is not the most sensitive test to detect them. Information from these 
tests may be combined in a fundamental frequency-intensity profile [16], also called 
a phonetogram. 

Glottal efficiency (ratio of the acoustic power at the level of the glottis to subglot- 
tal power) provides useful information but is not clinically practical because mea- 
suring acoustic power at the level of the glottis is difficult. Subglottic power is the 
product of subglottal pressure and airflow rate. These can be determined clinically. 
Various alternative measures of glottic efficiency have been proposed, including the 
ratio of radiated acoustic power to subglottal power [18], airflow intensity profile 
[19], and ratio of the root mean square value of the AC component to the mean vol- 
ume velocity (DC component) [20]. Although glottal efficiency is of great interest, 
none of these tests is particularly helpful under routine clinical circumstances. 


3.3.4 Aerodynamic Measures 


Traditional pulmonary function testing provides the most readily accessible mea- 
sure of respiratory function. The most common parameters measured include (1) 
tidal volume, the volume of air that enters the lungs during inspiration and leaves 
during expiration in normal breathing; (2) functional residual capacity, the volume 
of air remaining in the lungs at the end of inspiration during normal breathing, 
which can be divided into expiratory reserve volume (maximal additional volume 
that can be exhaled) and residual volume (the volume of air remaining in the lungs 
at the end of maximal exhalation); (3) inspiratory capacity, the maximal volume of 
air that can be inhaled starting at the functional residual capacity; (4) total lung 
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capacity, the volume of air in the lungs following maximal inspiration; (5) vital 
capacity, the maximal volume of air that can be exhaled from the lungs following 
maximal inspiration; (6) forced vital capacity, the rate of air flow with rapid, force- 
ful expiration from total lung capacity to residual volume; (7) FEV), the forced 
expiratory volume in 1 s; (8) FEV3;, the forced expiratory volume in 3 s; and (9) 
maximal mid-expiratory flow, the mean rate of airflow over the middle half of the 
forced vital capacity (between 25% and 75% of the forced vital capacity). For sing- 
ers and professional speakers with an abnormality caused by voice abuse, abnormal 
pulmonary function tests may confirm deficiencies in aerobic conditioning or reveal 
previously unrecognized asthma [21]. Flow glottography with computer inverse fil- 
tering is also a practical and valuable diagnostic for assessing flow at the vocal fold 
level, evaluating the voice source, and imaging the results of the balance between 
adductory forces and subglottal pressure [22]. It also has therapeutic value as a bio- 
feedback tool. 

The spirometer, readily available for pulmonary function testing, can also be 
used for measuring airflow during phonation. However, the spirometer does not 
allow simultaneous display of acoustic signals, and its frequency response is poor. 
A pneumotachograph consists of a laminar air resistor, a differential pressure trans- 
ducer, and an amplifying and recording system. It allows measurement of airflow 
and simultaneous recording of other signals when coupled with a polygraph. A hot- 
wire anemometer allows determination of airflow velocity by measuring the electri- 
cal drop across the hot wire. Modern hot-wire anemometers containing electrical 
feedback circuitry that maintains the temperature of the hot wire provide a flat 
response up to 1 kHz and are useful clinically. 

The four parameters traditionally measured in the aerodynamic performance of 
a voice are subglottal pressure (Psu), supraglottal pressure (P,.,,), glottal impedance, 
and the volume velocity of airflow at the glottis. These parameters and their rapid 
variations can be measured under laboratory circumstances. However, clinically 
their mean value is usually determined as follows: 

Pay — Pup = MFR x GR 
where MER is the mean (root mean square) flow rate and GR is the mean (root mean 
square) glottal resistance. When vocalizing the open vowel /a/, the supraglottic 
pressure equals the atmospheric pressure, reducing the equation to 


P 


sub 


= MFR xGR 


The mean flow rate is a useful clinical measure. While the patient vocalizes the 
vowel /a/, the mean flow rate is calculated by dividing the total volume of air used 
during phonation by the duration of phonation. The subject phonates at a comfort- 
able pitch and loudness either over a determined period of time or for a maximum 
sustained period of phonation. 

Air volume is measured by the use of a mask fitted tightly over the face or by 
phonating into a mouthpiece while wearing a nose clamp. Measurements may be 
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made using a spirometer, pneumotachograph, or hot-wire anemometer. The normal 
values for mean flow rate under habitual phonation, with changes in intensity or 
register, and under various pathologic circumstances, were determined in the 1970s 
[16]. Normal values are available for both adults and children. Mean flow rate also 
can be measured and is a clinically useful parameter to follow during treatment for 
vocal nodules, recurrent laryngeal nerve paralysis, spasmodic dysphonia, and other 
conditions. 

Glottal resistance cannot be measured directly, but it may be calculated from the 
mean flow rate and mean subglottal pressure. Normal glottal resistance is 20—100 
dyne seconds/cm> at low and medium pitches and 150 dyne seconds/cm? at high 
pitches [18]. The normal values for subglottal pressure under various healthy and 
pathologic voice conditions have also been determined by numerous investigators 
[16]. The phonation quotient is the vital capacity divided by the maximum phona- 
tion time. It has been shown to correlate closely with maximum flow rate [23] and 
is a more convenient measure. Normative data determined by various authors have 
been published [16]. The phonation quotient provides an objective measure of the 
effects of treatment and is particularly useful in cases of recurrent laryngeal nerve 
paralysis and mass lesions of the vocal folds, including nodules. 


3.3.5 Acoustic Analysis 


Acoustic analysis equipment can determine frequency, intensity, harmonic spec- 
trum, cycle-to-cycle perturbations in frequency (jitter), cycle-to-cycle perturbations 
in amplitude (shimmer), harmonics/noise ratios, breathiness index, and many other 
parameters. The DSP Sona-Graph Sound Analyzer Model 5500 (Kay Elemetrics, 
Lincoln Park, New Jersey) is an integrated voice analysis system. It is equipped for 
sound spectrography capabilities. Spectrography provides a visual record of the 
voice. The acoustic signal is depicted using time (x-axis), frequency (y-axis), and 
intensity (z-axis), shading of light vs dark. Using the bandpass filters, generaliza- 
tions about quality, pitch, and loudness can be made. These observations are used in 
formulating the voice therapy treatment plan. Formant structure and strength can be 
determined using the narrow-band filters, of which a variety of configurations are 
possible. In clinical settings in which singers and other professional voice users are 
evaluated and treated routinely, this feature is extremely valuable. A sophisticated 
voice analysis program (an optional program) may be combined with the Sona- 
Graph and is an especially valuable addition to the clinical laboratory. The voice 
analysis program (Computer Speech Lab; Kay Elemetrics) measures speaking fun- 
damental frequency, frequency perturbation (jitter), amplitude perturbation (shim- 
mer), and harmonics-to-noise ratio and provides many other useful values. An 
electroglottograph may be used in conjunction with the SonaGraph to provide some 
of these voicing parameters. Examining the EGG waveform alone is possible with 
this setup, but its clinical usefulness has not yet been established. An important 
feature of the Sona-Graph is the long-term average (LTA) spectral capability, which 
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permits analysis of longer voice samples (30-90 s). The LTA analyzes only voiced 
speech segments and may be useful in screening for hoarse or breathy voices. In 
addition, computer interface capabilities (also an optional program) have solved 
many data storage and file maintenance problems. 

In analyzing acoustic signals, the microphone may be placed at the level of the 
mouth or positioned in or over the trachea, although intratracheal recordings are 
used for research purposes only. The position should be standardized in each office 
or laboratory [24]. Various techniques are being developed to improve the useful- 
ness of acoustic analysis. Because of the enormous amount of information carried 
in the acoustic signal, further refinements in objective acoustic analysis should 
prove particularly valuable to the clinician. 


3.3.6 Laryngeal Electromyography 


Electromyography (EMG) requires an electrode system, an amplifier, an oscillo- 
scope, a loudspeaker, and a recording system [25]. Electrodes are placed transcuta- 
neously into laryngeal muscles. EMG can be extremely valuable in confirming 
cases of vocal fold paresis, in differentiating paralysis from arytenoid dislocation, 
distinguishing recurrent laryngeal nerve paralysis from combined recurrent and 
superior nerve paralysis, diagnosing other more subtle neurolaryngologic pathol- 
ogy, and documenting functional voice disorders and malingering. It is also recom- 
mended for needle localization when using botulinum toxin for treatment of 
spasmodic dysphonia and other conditions. 


3.3.7 Psychoacoustic Evaluation 


Because the human ear and brain are the most sensitive and complex analyzers of 
sound currently available, many researchers have tried to standardize and quantify 
psychoacoustic evaluation. Unfortunately, even definitions of basic terms such as 
hoarseness and breathiness are still controversial. Psychoacoustic evaluation proto- 
cols and interpretations are not standardized. Consequently, although subjective 
psychoacoustic analysis of voice is of great value to the individual skilled clinician, 
it remains generally unsatisfactory for comparing research among laboratories or 
for reporting clinical results. 

The GRBAS scale [6] helps standardize perceptual analysis for clinical purposes. 
It rates the voice from a scale from 0 to 3, with regrading to grade, roughness, 
breathiness, asthenia, and strain. Grade 0 is normal, 1 is slightly abnormal, 2 is 
moderately abnormal, and 3 is extremely abnormal. Grade refers to the degree of 
hoarseness or voice abnormality. Roughness refers to the acoustic/auditory impres- 
sion of irregularity of vibration and corresponds with gear and shimmer. Breathiness 
refers to the acoustic/auditory impression of air leakage and corresponds to 
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turbulence. Asthenic evaluation assesses weakness or lack of power and corre- 
sponds to vocal intensity and energy in higher harmonics. Strain refers to the acous- 
tic/auditory impression of hyperfunction and may be related to fundamental 
frequency, noise in the high-frequency range, and energy in higher harmonics. For 
example, a patient’s voice might be graded as G2, R2, B1, Al, and S2. 


3.4 Outcomes Assessment 


Measuring the impact of a voice disorder has always been challenging. However, 
recent advances have begun to address this problem. Validated instruments such as 
the Voice Handicap Index (VHI) [26] are currently in clinical use and are likely to 
be used widely in future years. 


3.5 Voice Impairment and Disability 


Quantifying voice impairment and assigning a disability rating (percentage of whole 
person) remain controversial. This subject is still not addressed comprehensively 
even in the most recent editions (2008, 6th edition) of the American Medical 
Association’s Guidelines for the Evaluation of Impairment and Disability (The 
Guides). The Guides still do not take into account the person’s profession when 
calculating disability. Alternative approaches have been proposed [27], and advances 
in this complex arena are anticipated over the next few years. 


3.6 Evaluation of the Singing Voice 


The physician must be careful not to exceed the limits of his or her expertise, espe- 
cially in caring for singers. However, if voice abuse or technical error is suspected, 
or if a difficult judgment must be reached on whether to allow a sick singer to per- 
form, a brief observation of the patient’s singing may provide invaluable informa- 
tion. This is accomplished best by asking the singer to stand and sing scales either 
in the examining room or in the soundproof audiology booth. Similar maneuvers 
may be used for professional speakers, including actors (who can vocalize and 
recite lines), clergy and politicians (who can deliver sermons and speeches), and 
virtually all other voice patients. The singer’s stance should be balanced, with the 
weight slightly forward. The knees should be bent slightly and the shoulders, torso, 
and neck should be relaxed. The singer should inhale through the nose whenever 
possible allowing filtration, warming, and humidification of inspired air. In general, 
the chest should be expanded, but most of the active breathing is abdominal. The 
chest should not rise substantially with each inspiration, and the supraclavicular 
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Fig. 3.4 Bimanual 
palpation of the support 
mechanism. The singer 
should expand posteriorly 
and anteriorly with 
inspiration. Muscles should 
tighten prior to onset of 
sung tone 


musculature should not be involved obviously in inspiration. Shoulders and neck 
muscles should not be tensed even with deep inspiration. Abdominal musculature 
should be contracted shortly before the initiation of the tone. This may be evaluated 
visually or by palpation (Fig. 3.4). Muscles of the neck and face should be relaxed. 
Economy is a basic principle of all art forms. Wasted energy and motion and muscle 
tension are incorrect and usually deleterious. 

The singer should be instructed to sing a scale (a 5-note scale is usually suffi- 
cient) on the vowel /a/, beginning on any comfortable note. Technical errors are 
usually most obvious as contraction of muscles in the neck and chin, retraction of 
the lower lip, retraction of the tongue, or tightening of the muscles of mastication. 
The singer’s mouth should be open widely but comfortably. When singing /a/, the 
singer’s tongue should rest in a neutral position with the tip of the tongue lying 
against the back of the singer’s mandibular incisors. If the tongue pulls back or 
demonstrates obvious muscular activity as the singer performs the scales, improper 
voice use can be confirmed on the basis of positive evidence (Fig. 3.5). The 
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Fig. 3.5 Proper relaxed position of the anterior (a) and posterior (b) portions of the tongue. 
Common improper use of the tongue pulled back from the teeth (c) and raised posteriorly (d) 


position of the larynx should not vary substantially with pitch changes. Rising of 
the larynx with ascending pitch is evidence of technical dysfunction. This exami- 
nation also gives the physician an opportunity to observe any dramatic differences 
between the qualities and ranges of the patient’s speaking voice and the singing 
voice. A physical examination summary form has proven helpful in organization 
and documentation [3]. 

Remembering the admonition not to exceed his or her expertise, the physician 
who examines many singers can often glean valuable information from a brief 
attempt to modify an obvious technical error. For example, deciding whether to 
allow a singer with mild or moderate laryngitis to perform is often difficult. On one 
hand, an expert singer has technical skills that allow him or her to compensate 
safely. On the other hand, if a singer does not sing with correct technique and does 
not have the discipline to modify volume, technique, and repertoire as necessary, the 
risk of vocal injury may be increased substantially even by mild inflammation of the 
vocal folds. In borderline circumstances, observation of the singer’s technique may 
greatly help the physician in making a judgment. 

If the singer’s technique appears flawless, the physician may feel somewhat more 
secure in allowing the singer to proceed with performance commitments. More 
commonly, even good singers demonstrate technical errors when experiencing 
voice difficulties. In a vain effort to compensate for dysfunction at the vocal fold 
level, singers often modify their technique in the neck and supraglottic vocal tract. 
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In the good singer, this usually means going from good technique to bad technique. 
The most common error involves pulling back the tongue and tightening the cervi- 
cal muscles. Although this increased muscular activity gives the singer the illusion 
of making the voice more secure, this technical maladjustment undermines vocal 
efficiency and increases vocal strain. The physician may ask the singer to hold the 
top note of a 5-note scale; while the note is being held, the singer may simply be 
told, “Relax your tongue.” At the same time, the physician points to the singer’s 
abdominal musculature. Most good singers immediately correct to good technique. 
If they do, and if upcoming performances are particularly important, the singer may 
be able to perform with a reminder that meticulous technique is essential. The singer 
should be advised to “sing by feel rather than by ear,’ consult his or her voice 
teacher, and conserve the voice except when it is absolutely necessary to use it. If a 
singer is unable to correct from bad technique to good technique promptly, espe- 
cially if he or she uses excessive muscle tension in the neck and ineffective abdomi- 
nal support, it is generally safer not to perform with even a mild vocal fold 
abnormality. With increased experience and training, the laryngologist may make 
other observations that aid in providing appropriate treatment recommendations for 
singer patients. Once these skills have been mastered for the care of singers, apply- 
ing them to other patients is relatively easy, so long as the laryngologist takes the 
time to understand the demands of the individual’s professional, avocational, and 
recreational vocal activities. 

If treatment is to be instituted, making at least a tape recording of the voice is 
advisable in most cases and essential before any surgical intervention. The author 
routinely uses strobovideolaryngoscopy for diagnosis and documentation in virtu- 
ally all cases as well as many of the objective measures discussed. Pretreatment 
testing is extremely helpful clinically and medicolegally. 


3.7 Additional Examinations 


A general physical examination should be performed whenever the patient’s sys- 
temic health is questionable. Debilitating conditions such as mononucleosis may be 
noticed first by the singer as vocal fatigue. A neurologic assessment may be particu- 
larly revealing. The physician must be careful not to overlook dysarthrias and dys- 
phonias, which are characteristic of movement disorders and of serious neurologic 
disease. Dysarthria is a defect in rhythm, enunciation, and articulation that usually 
results from neuromuscular impairment or weakness such as may occur after a 
stroke. It may be seen with oral deformities or illness, as well. Dysphonia is an 
abnormality of vocalization usually caused by problems at the laryngeal level. 
Physicians should be familiar with the six types of dysarthria, their symptoms, 
and their importance [28, 29]. Flaccid dysarthria occurs in lower motor neuron or 
primary muscle disorders such as myasthenia gravis and tumors or strokes involving 
the brainstem nuclei. Spastic dysarthria occurs in upper motor neuron disorders 
(pseudobulbar palsy) such as multiple strokes and cerebral palsy. Ataxic dysarthria 
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is seen with cerebellar disease, alcohol intoxication, and multiple sclerosis. 
Hypokinetic dysarthria accompanies Parkinson’s disease. Hyperkinetic dysarthria 
may be spasmodic, as in the Gilles de la Tourette disease, or dystonic, as in chorea 
and cerebral palsy. Mixed dysarthria occurs in amyotrophic lateral sclerosis (ALS) 
or Lou Gehrig disease. The preceding classification actually combines dysphonic 
and dysarthric characteristics but is very useful clinically. The value of a compre- 
hensive neurolaryngologic evaluation [30] cannot be overstated. More specific 
details of voice changes associated with neurologic dysfunction and their localizing 
value are available elsewhere [2, 31]. 

It is extremely valuable for the laryngologist to assemble an arts-medicine team 
that includes not only a speech-language pathologist, singing voice specialist, act- 
ing voice specialist, and voice scientist but also medical colleagues in other disci- 
plines. Collaboration with an expert neurologist, pulmonologist, endocrinologist, 
psychologist, psychiatrist, internist, physiatrist, and others with special knowledge 
of, and interest in, voice disorders is invaluable in caring for patients with voice 
disorders. Such interdisciplinary teams have not only changed the standard of care 
in voice evaluation and treatment but are also largely responsible for the rapid and 
productive growth of voice as a subspecialty. 


Acknowledgments Modified in part from Sataloff RT. Professional Voice: The Science and Art 
of Clinical Care, 4th Edition. San Diego, CA: Plural Publishing; 2017, with permission. 
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Chapter 4 A 
Professional Voice Users: An Overview Geek for 
of Medical Disorders and Treatments 


Robert Thayer Sataloff, Mary J. Hawkshaw, and Johnathan Brandon Sataloff 


Laryngologists specializing in voice devote the majority of their practices to the 
medical management of benign voice disorders. Although most of us are active 
surgeons, the good voice specialist takes pride in avoiding the need for laryngeal 
surgery through expert medical management. Success depends not only on a good 
laryngologist but also on the availability of a voice team, including a speech- 
language pathologist, voice scientist, singing voice specialist, and medical consul- 
tants who have acquired special knowledge about voice disorders (neurologists, 
pulmonologists, endocrinologists, internists, allergists, and others). This chapter 
provides an overview of many of the benign voice problems encountered by health 
care providers and current nonsurgical management concepts. 

Numerous medical conditions affect the voice adversely. Many have their origins 
primarily outside the head and neck. This chapter is not intended to be all inclusive 
but rather to highlight some of the more common and important conditions found in 
professional voice users and wind instrumentalists seeking medical care. 

In the 2286 cases of all forms of voice disorders reported by Brodnitz in 1971 
[1], 80% were attributed to voice abuse or to psychogenic factors resulting in vocal 
dysfunction. Of these patients, 20% had organic voice disorders. Of women with 
organic problems, about 15% had identifiable endocrine causes. A much higher 
incidence of organic disorders, particularly reflux laryngitis, acute infectious laryn- 
gitis, and benign vocal fold masses, is found in the author’s (RTS) practice. 
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4.1 Voice Abuse 


When voice abuse is suspected or observed in a patient with vocal complaints, he or 
she should be referred to a laryngologist who specializes in voice, preferably a phy- 
sician affiliated with a voice care team. 

Common patterns of voice abuse and misuse will not be discussed in detail in 
this chapter. They are covered elsewhere in the literature [2]. Voice abuse and/or 
misuse should be suspected particularly in patients who complain of voice fatigue 
associated with voice use, whose voices are worse at the end of a working day or 
week, and in any patient who is chronically hoarse. Technical errors in voice use 
may be the primary etiology of a voice complaint or may develop secondarily as a 
result of a patient’s efforts to compensate for voice disturbance from another cause. 

Speaking in noisy environments such as cars and airplanes is particularly abusive 
to the voice, as are backstage greetings, post-performance parties, choral conduct- 
ing, voice teaching, cheerleading, and many other activities. With proper training, 
all these vocal activities can be done safely. However, most patients, surprisingly 
even singers, have little or no training for their speaking voice. 

If voice abuse is caused by speaking, treatment should be provided by a licensed, 
certified speech-language pathologist in the United States or by a phoniatrist in 
many other countries. In many cases, training the speaking voice will benefit singers 
greatly not only by improving speech but also by indirectly helping singing tech- 
nique. Physicians should not hesitate to recommend such training, but it should be 
performed by an expert speech-language pathologist who specializes in voice. 
Many speech-language pathologists who are well trained in swallowing rehabilita- 
tion, articulation therapy, and other techniques are not trained in voice therapy for 
the speaking voice, and virtually none are trained through their speech and language 
programs to work with singing unless they are also singing teachers or singing voice 
specialists. 

Specialized singing training also may be helpful to many voice patients who are 
not singers, and it is invaluable for patients who are singers. Initial singing training 
teaches relaxation techniques, develops muscle strength, and is symbiotic with stan- 
dard voice therapy. Abuse of the voice during singing is an even more complex 
problem, as discussed elsewhere in this book. 


4.2 Infection and Inflammation 


4.2.1 Upper Respiratory Tract Infection Without Laryngitis 


Although mucosal irritation usually is diffuse, patients sometimes have marked 
nasal obstruction with little or no sore throat and a “normal” voice. If the laryngeal 
examination showed no abnormality, a singer or professional speaker with a “head 
cold” should be permitted to use his or her voice and be advised not to try to 
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duplicate his or her usual sound but rather accept the insurmountable alterations in 
self-perception caused by the change in the supraglottic vocal tract and auditory 
system. The decision as to whether performing under the circumstances is advisable 
professionally rests with the voice professional and his or her musical associates. 
The patient should be cautioned against throat clearing, as it is traumatic and may 
produce laryngitis. If a cough is present, nonnarcotic medications should be used to 
suppress it. In addition, the patient should be taught how to “silent cough,” which is 
less traumatic. “Cold sores” or dry, split lips or tongue also may interfere with sing- 
ing, although they are far more troublesome for wind instrumentalists, as are dental 
braces which can traumatize mucosal surfaces and affect instrument or voice 
performance. 


4.2.2 Laryngitis With Serious Vocal Fold Injury 


Hemorrhage in the vocal folds and mucosal disruption associated with acute laryn- 
gitis are contraindications to speaking and singing. When these are observed, treat- 
ment includes strict voice rest in addition to correction of any underlying disease. If 
the patient also plays a wind instrument, laryngoscopy while playing will determine 
whether there is vocal fold contact during wind performance (there is in many play- 
ers, but not all). If so, instrument playing should be stopped during the period of 
voice rest. Vocal fold hemorrhage in voice professionals is most common in pre- 
menstrual women who are using aspirin products or nonsteroidal anti-inflammatory 
drugs (NSAIDS) for dysmenorrhea. Severe hemorrhage or mucosal scarring may 
result in permanent alternations in vocal fold vibratory function. In rare instances, 
surgical intervention may be necessary. The potential gravity of these conditions 
must be stressed, for singers are generally reluctant to cancel an appearance. As von 
Leden observed, it is a pleasure to work with “people who are determined that the 
show must go on when everyone else is determined to goof off’ [3]. However, 
patient compliance is essential when serious damage has occurred. At present, acute 
treatment of vocal fold hemorrhage is controversial. Most laryngologists allow the 
hematoma to resolve spontaneously. Because this sometimes results in an organized 
hematoma and scar formation requiring surgery, some physicians advocate incision 
along the superior edge of the vocal fold and drainage of the hematoma in selected 
cases. Further study is needed to determine optimal therapy guidelines (Figs. 4.1 
and 4.2). 


4.2.3 Laryngitis Without Serious Damage 


Mild to moderate edema and erythema of the vocal folds may result from infection 
or from noninfectious causes. In the absence of mucosal disruption or hemorrhage, 
they are not absolute contraindications to voice use (including wind instrument 
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Fig. 4.1 Video print 
obtained from a 
strobovideolaryngoscopic 
examination shows diffuse 
erythema from acute 
laryngitis. Additionally, 
there is a left sulcus 
vocalis. Also visible is an 
ecstatic vessel on the 
superior surface of the left 
vocal fold (straight arrow). 
(Figure 40-1 from Sataloff 
et al. [118]. Republished 
from Sataloff et al. [118]; 
with permission) 


iàs 


Fig. 4.2 Strobovideolaryngoscopy in this 65-year-old female shows the white, lacy, diffuse 
plaques embedded in inflamed mucosal surfaces. This appearance is typical of fungal laryngitis, 
caused most commonly by Candida albicans. (Figure 45-1 from Sataloff et al. [118]. Republished 
from Sataloff et al. [118]; with permission) 


performance in selected cases). Noninfectious laryngitis commonly is associated 
with excessive voice use in pre-performance rehearsals. It also may be caused by 
other forms of voice abuse and by mucosal irritation produced by allergy, smoke 
inhalation, and other causes. Mucous stranding between the anterior and middle 
thirds of the vocal folds is seen commonly in inflammatory laryngitis. Laryngitis 
sicca (dry voice) is associated with dehydration, dry atmosphere, mouth breathing, 
and antihistamine therapy (although antihistamines actually cause more mucous 
thickening than dehydration). Deficiency of mucosal lubrication causes irritation 
and coughing and results in mild inflammation. If no pressing professional need for 
performance exists, inflammatory conditions of the larynx are treated best with 
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relative voice rest in addition to other modalities. However, in some instances, 
speaking and singing may be permitted. The patient should be instructed to avoid all 
forms of irritation and to rest the voice at all times except during warm-up and per- 
formance. Corticosteroids and other medications discussed later may be helpful. If 
mucosal secretions are copious, low-dose antihistamine therapy may be beneficial, 
but it must be prescribed with caution and generally should be avoided. Copious, 
thin secretions are better than scant, thick secretions or excessive dryness. The 
patient with laryngitis must be kept well hydrated to maintain the desired character 
of mucosal lubrication. The patient should be instructed to “pee pale,” consuming 
enough water to keep urine diluted. Psychological support is crucial. For example, 
it is often helpful for the physician to intercede on a singer’s behalf and to convey 
“doctor’s orders” directly to agents or theater management. Such mitigation of 
exogenous stress can be highly therapeutic. 

Infectious laryngitis may be caused by bacteria or viruses. Subglottic involve- 
ment frequently indicates a more severe infection, which may be difficult to control 
in a short period of time. Indiscriminate use of antibiotics must be avoided; how- 
ever, when the physician is in doubt as to the cause and when a major voice commit- 
ment is imminent, vigorous antibiotic treatment is warranted. In this circumstance, 
the damage caused by allowing progression of a curable condition is greater than 
the damage that might result from a course of therapy for an unproven microorgan- 
ism while culture results are pending. When a major concert or speech is not immi- 
nent, indications for therapy are the same as for the nonsinger or nonprofessional 
speaker. 

Voice rest (absolute or relative) is an important therapeutic consideration in any 
case of laryngitis. When no professional commitments are pending, a short course 
of absolute voice rest may be considered, as it is the safest and most conservative 
therapeutic intervention. This means absolute silence and communication with a 
writing pad or electronic device. The patient must be instructed not to whisper, as 
this may be an even more traumatic vocal activity than speaking softly. However, 
exceptions can be made for patients who do not make vocal fold contact when they 
whisper, as determined during flexible laryngoscopy. Whistling through the lips 
also involves vocal fold contact in many people and should not be permitted unless 
laryngoscopy has confirmed that the instrumentalist does not make vocal fold con- 
tact while playing. The playing of many musical wind instruments also should not 
be permitted. Absolute voice rest is necessary only for serious vocal fold injury such 
as hemorrhage or mucosal disruption (Fig. 4.3). Even then, it is virtually never indi- 
cated for more than 7—10 days. Three days are often sufficient. Some excellent lar- 
yngologists do not believe voice rest should be used at all. However, absolute voice 
rest for a few days may be helpful in patients with laryngitis, especially those gre- 
garious, verbal singers who find it difficult to moderate their voice use to comply 
with relative voice rest instructions. In many instances, considerations of finances 
and reputation mitigate against a recommendation of voice rest. In advising per- 
formers to minimize vocal use, Punt counseled, “Don’t say a single word for which 
you are not being paid” [4]. 
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Fig. 4.3 Mucosal tear 
(arrow) of the vibratory 
margin of the left vocal 
fold in a 27-year-old tenor 
with sudden voice change. 
This lesion resolved 
completely with voice rest. 
(Figure 58-1 from Sataloff 
et al. [118]. Republished 
from Sataloff et al. [118]; 
with permission) 


This admonition frequently guides the ailing singer or speaker away from pre- 
performance conversations and backstage greetings and allows a successful series 
of performances. Patients also should be instructed to speak softly and as infre- 
quently as possible, often at a slightly higher pitch than usual; to avoid excessive 
telephone use; and to speak with abdominal support as they would in singing. This 
is relative voice rest, and it is helpful in most cases. An urgent session with a speech- 
language pathologist is extremely helpful for discussing vocal hygiene and provid- 
ing guidelines to prevent voice abuse. Nevertheless, the patient must be aware that 
some risk is associated with performing with laryngitis even when performance is 
possible. Inflammation of the vocal folds is associated with increased capillary fra- 
gility and increased risk of vocal fold injury or hemorrhage. Many factors must be 
considered in determining whether a given speech or concert is important enough to 
justify the potential consequences. 

Steam inhalations deliver moisture and heat to the vocal folds and tracheobron- 
chial tree and may be useful. Some people use nasal irrigations, although these have 
little proven value for voice disorders. Gargling has no proven efficacy, but it is 
probably harmful only if it involves loud, abusive vocalization as part of the gar- 
gling process. Some physicians and patients believe it to be helpful in “moistening 
the throat,” and it may have some relaxing or placebo effect. Ultrasonic treatments, 
local massage, psychotherapy, and biofeedback directed at relieving anxiety and 
decreasing muscle tension may be helpful adjuncts to a broader therapeutic pro- 
gram. However, psychotherapy and biofeedback, in particular, must be expertly 
supervised if used at all. 

Voice lessons given by an expert teacher are invaluable. When technical dysfunc- 
tion is suggested, the singer or actor should be referred to his or her teacher or to a 
singing voice specialist in a medical setting. Even when an obvious organic abnor- 
mality is present, referral to a voice teacher is appropriate, especially for younger 
actors and singers. Numerous “tricks of the trade” permit a voice professional to 
overcome some of the impairments of mild illness safely. If a singer plans to 
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proceed with a performance during an illness, he or she should not cancel voice les- 
sons as part of the relative voice rest regimen; rather, a short lesson to ensure opti- 
mal technique is extremely useful. 


4.2.4 Sinusitis 


Chronic inflammation of the mucosa lining the sinus cavities commonly produces 
thick secretions known as postnasal drip. Postnasal drip can be particularly prob- 
lematic because it causes excessive phlegm, which interferes with phonation, and 
because it leads to frequent throat clearing, which may inflame the vocal folds. 
Sometimes chronic sinusitis is caused by allergies and can be treated with medica- 
tions. However, many medications used for this condition cause side effects that are 
unacceptable in professional voice users, particularly mucosal drying. When medi- 
cation management is not satisfactory, functional endoscopic sinus surgery may be 
appropriate [5]. Acute purulent sinusitis is a different matter. It requires aggressive 
treatment with antibiotics, sometimes surgical drainage, treatment of underlying 
conditions (such as dental abscess), and occasionally surgery [5]. 


4.2.5 Lower Respiratory Tract Infection 


Lower respiratory tract infection may be almost as disruptive to a voice as upper 
respiratory tract infection. Bronchitis, pneumonitis, pneumonia, and especially 
reactive airway disease impair the power source of the voice and lead to vocal strain 
and sometimes injury. Lower respiratory tract infections should be treated aggres- 
sively, pulmonary function tests should be considered, and bronchodilators (prefer- 
ably oral rather than inhaled) should be used as necessary. Coughing is also a very 
traumatic vocal activity, and careful attention should be paid to cough suppression. 
If extensive voice use is anticipated, nonnarcotic antitussive agents are preferable 
because narcotics may dull the sensorium and lead to potentially damaging voice or 
instrument performance technique. 


4.2.6 COVID-19 


COVID-19, or SARS-CoV-2 infection, also known as the novel corona virus, may 
be asymptomatic, may cause mild URI symptoms, or may cause devastating symp- 
toms including death. Cough, fever and chills, shortness of breath, sore throat, 
fatigue, nausea and vomiting, diarrhea, and other symptoms are common. Loss of 
taste and smell were recognized early as symptoms of COVID-19. However, 
COVID-19 also may cause many other neurological effects including vocal fold 
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paresis and paralysis. When the disease affects the lower respiratory tract severely, 
it can impair respiratory function permanently. This undermines the support needed 
to provide power for phonation (speaking, as well as singing) and wind instrument 
performance. Such problems lead commonly to compensatory hyperfunction. If the 
respiratory compromise is severe enough, it may disable a performer permanently; 
and since excellent respiratory function is required for singing, projected speech 
and wind performance (as well as for high-level athletic activity), relatively “mild” 
pulmonary compromise can be severe enough to impair or end a performance career. 


4.2.7 Tonsillitis 


Tonsillitis also impairs the voice through alterations of the resonator system and 
through technical changes secondary to pain. Although there is a tendency to avoid 
tonsillectomy, especially in professional voice users, the operation should not be 
withheld when clear indications for tonsillectomy are present. These include, for 
example, documented severe bacterial tonsillitis six times per year. However, 
patients must be warned that tonsillectomy may alter the sound of the voice, even 
though there is no change at the vocal fold (oscillator) level. 


4.2.8 Lyme Disease 


Lyme disease, as it is known today, has been reported for over a hundred years, but 
the bacteria responsible for the disease was not identified until 1982. It was discov- 
ered in Lyme, Connecticut, when a group of children contracted arthritis inexplica- 
bly; and research was initiated to identify the cause [6]. Due to its ability to appear 
similar to many other diseases and its wide range of nonspecific symptoms, Lyme 
disease often goes undiagnosed. If not recognized and treated, this condition can 
have profound consequences including damage to the inner ear, the eighth cranial 
nerve, and the facial nerve as reviewed by Sataloff and Sataloff (from which a por- 
tion of this section has been modified, with permission) [7]. It also can affect laryn- 
geal nerves. Lyme disease is one of many common illnesses that can cause special 
problems for singers and other voice professionals. Lyme disease is an increasingly 
prevalent infection in many parts of the United States and elsewhere. It can affect 
the larynx directly by causing unilateral or bilateral vocal fold paresis/paralysis or 
interfere with other parts of the vocal tract by causing joint pains that impair posture 
and support, temporomandibular joint pain that leads to technical changes, and in 
other ways [8]. It is important for health care providers and music professionals to 
be familiar with this common problem in order to improve the chances of prompt 
diagnosis and treatment. 
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4.2.8.1 Epidemiology 


In the United States, Lyme disease is known to be endemic particularly in northeast- 
ern, mid-Atlantic, and north-central states, with expansion into some parts of the 
southwest [9]. Approximately 60% of initial infections occur during the summer 
when it is warm and people are outside [10]. Lyme disease has no sex or age 
predilection. 


4.2.8.2 Etiology 


Lyme disease is an illness caused by a spirochete infection. Like syphilis, another 
spirochete infection, the clinical presentations may vary. Sir William Osler once 
termed syphilis “the great imitator,” and likewise, Lyme disease has a broad clinical 
spectrum. 

Lyme disease had many different names given to it until Steere, in 1977, recog- 
nized it as a multistage systemic disease [11]. In 1982, Burgdorfer et al. isolated the 
infectious organism from the belly of a tick, while studying a group of children with 
unexplained arthritis in Lyme, Connecticut [12]. He named this spirochete Borrelia 
burgdorferi. Borrelia burgdorferi is the primary cause of Lyme disease. However, 
Borrelia garinii and Borrelia afzelii also have been implicated and reported as com- 
mon causes of Lyme neuroborreliosis in Europe [13]. Many different vectors have 
been listed as contributors to this disease. However, the tick seems to be the main 
culprit transmitting the spirochete. In the Northeast, the tick Ixodes dammini is the 
most common, and in the West, Ixodes pacificus has been implicated [9]. The ticks 
carry the disease in their stomachs and transmit it while feeding on the blood of their 
victims which can take up to 2 days. In many cases, the ticks are noticed and 
removed or washed away before the disease can be spread; but sometimes a tick is 
small enough to avoid notice. Even when definitive symptoms occur, the tick often 
is not found, and the classic target rash may have been absent or gone unnoticed. 
Therefore, the opportunity for early diagnosis often is missed, and many people 
carry Lyme disease into later stages of the disorder, during which nerve and vascular 
problems can occur, before the condition is diagnosed [7]. 

The tick life cycle has three stages: larva, nymph, and adult [11]. In each stage 
the tick acquires a blood meal and may obtain the spirochete from an infected host 
such as the white-tailed deer or white-footed mouse. 

The exact nature of injury to humans is not known, but evidence exists for three 
possible mechanisms. These theories include direct invasion, immunological attack, 
and vasculitis [14]. 
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4.2.8.3 Otolaryngologic Findings 


The clinical spectrum of Lyme disease is broken down into three stages. In stage 1, 
a rash named erythema chronicum migrans follows the tick bite in 6-80% of cases 
[15]. The rash has an outer red circular or oval border with a clear central area. 
These lesions are called “target rash.” The outer red zone is felt to represent the best 
area for biopsy when trying to isolate the organism for culture. This rash may follow 
or precede cold or flu-like symptoms. The rash usually occurs within a few days of 
the tick bite but may show up as long as a month later [16]. 

Other symptoms during this stage include fatigue, fever, chills, sore throat, head- 
ache, cough, chest pain, abdominal pain, muscle aches, loss of appetite, dizziness, 
lymphadenopathy, backache, conjunctivitis, enlarged liver and spleen, arthritis, and 
low-grade fever. 

The patient usually calls on an otolaryngologist during stage 2 of Lyme disease. 
Although facial paralysis is the most common complaint in these patients, other 
symptoms may occur [10, 17]. They include hoarseness from involvement of the 
recurrent laryngeal nerve or inability to sustain a high note or project the voice due 
to injury to the superior laryngeal nerve among other symptoms. In 1988, Schroeter 
reported a case of a 45-year-old singer who developed left vocal fold paralysis and 
had positive antibodies to Borrelia burgdorferi [18]. The patient was treated with 
antibiotics for 6 weeks, during which time there was resolution of the vocal fold 
paralysis and dramatic reduction of the Lyme titers. 

Stage 2 also may include a skin lesion called lymphadenosis benigna cutis. This 
lesion has another name, Borrelia lymphocytoma, and is characterized by lympho- 
cytic infiltration of the dermis or subcutaneous tissue [19]. The lesion has a blue-red 
color with gross swelling. 

Patients may have involvement of the temporomandibular joint and complain of 
ear pain or pain when chewing. Other joints may be involved such as the neck, 
knees, hips, shoulders, ankles, and elbows. Finger, wrist, elbow, shoulder, and neck 
involvement can be troubling particularly for wind and other instrumentalists. 

Patients also may have involvement of the cardiovascular system and may 
develop arrhythmias and/or lightheadedness. Failure to recognize these lesions may 
lead to increased morbidity and possible death. 

Another skin lesion is seen in stage 3 of Lyme disease. It is termed acrodermatitis 
chronic atrophicans [19]. This lesion usually is seen in elderly patients and is often 
misdiagnosed as scleroderma or vascular insufficiency. 


4.2.8.4 Diagnosis and Treatment 


The ELISA test is the most sensitive and is used widely for Lyme disease [14]. 
Western blot technique is used to confirm the diagnosis. Other assays such as immu- 
nofluorescence antibody and cultures have been utilized with varying success. 
Results of all of these studies vary from lab to lab, and blood samples should be sent 
to labs that do large volumes of testing and have experience. The IgM antibody is 
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seen early and is less specific. However, it is useful when reinfection or reactivation 
is suspected. The IgG antibody may take 6 weeks to appear and is good for assess- 
ing stages 2 and 3. False-positive tests occur in patients with mononucleosis, syphi- 
lis, or rheumatic fever [9, 14]. False negatives may be seen in patients on antibiotics 
or patients who are immunocompromised by diseases such as cancer or AIDS. 

Antibiotics are the recommended treatment. For adults, doxycycline or tetracy- 
cline is effective. When intolerance to these medications is encountered, amoxicillin 
is used. Amoxicillin is preferred in children. Chloramphenicol may be used when 
there is allergy to cephalosporin or penicillin. When resistance to these medications 
is found, intravenous medication such as ceftriaxone is used. Lyme disease is com- 
plex; with proper recognition, it is treatable and has an excellent prognosis. 


4.2.9 Autoimmune Deficiency Syndrome (AIDS) 


AIDS is a potentially lethal disease that has become common. Its incidence in the 
artistic community is probably somewhat higher than in the general public. 
Physicians should consider this diagnosis along with other causes of chronic debili- 
tation and recurrent infections in the proper clinical setting in professional voice 
users. Dry mouth and hoarseness are common complaints in patients with HIV 
infection. Candida infection of the oral cavity or tracheobronchial tree should make 
the clinician particularly suspicious. When fungal infections are encountered, par- 
ticularly fungal laryngitis, it is important not only to treat the infection, but also to 
rule out serious predisposing causes such as HIV infection and other conditions that 
suppress the immune system. Recurrent respiratory tract infection and infection 
with unusual organisms also raise one’s suspicions, but it should be remembered 
that infections with Haemophilus influenza, Streptococcus pneumonia, and com- 
mon viruses are the most frequent pathogens in HIV-infected patients, just as they 
are in patients without HIV. Acute infectious laryngitis and epiglottis may occur in 
AIDS patients, but they are less common than mild chronic laryngitis, dry mouth, 
and frequent or persistent symptoms of a “cold.” 


4.3 Systemic Conditions 


4.3.1 Aging 


This subject is so important that it has been covered extensively in other literature 
[20]. Many characteristics associated with vocal aging are actually deficits in con- 
ditioning, rather than irreversible aging changes. For example, in singers, such 
problems as a “wobble,” pitch inaccuracies (singing flat), and inability to sing softly 
are rarely caused by irreversible aging changes, and these problems usually can be 
managed easily through voice therapy and training. 
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4.3.2 Hearing Loss 


Hearing loss is often overlooked as a source of vocal problems. Auditory feedback 
is fundamental to speaking and singing. Interference with this control mechanism 
may result in altered vocal production, particularly if the person is unaware of the 
hearing loss. Distortion, particularly pitch distortion (diplacusis), also may pose 
serious problems for the singer. This appears to cause not only aesthetic difficulties 
in matching pitch but also vocal strain, which accompanies pitch shifts [21]. Hearing 
impairment can cause vocal strain, particularly if a person has sensorineural hearing 
loss (involving the nerve or inner ear) and is unaware of it. This condition may lead 
people to speak or sing more loudly than they realize. 


4.3.3 Respiratory Dysfunction 


The importance of “the breath” has been well recognized in the field of voice peda- 
gogy. Respiratory disorders are discussed at length in other literature [22]. 

Even a mild degree of obstructive pulmonary disease can result in substantial 
voice problems. Unrecognized exercise-induced asthma is especially problematic in 
singers and actors, because bronchospasm may be precipitated by the exercise and 
airway drying that occurs during voice performance. In such cases, the broncho- 
spastic obstruction on exhalation impairs support. This commonly results in com- 
pensatory hyperfunction. 

Treatment requires skilled management and collaboration with a pulmonologist 
and a voice team [23]. Whenever possible, patients should be managed primarily 
with oral medications; the use of inhalers should be minimized. Steroid inhalers 
should be avoided altogether whenever possible for professional voice users. It is 
particularly important to recognize that asthma can be induced by the exercise of 
phonation itself [24], and in many cases a high index of suspicion and methacholine 
challenge test are needed to avoid missing this important diagnosis. 


4.3.4 Allergy 


Even mild allergies are more incapacitating to professional voice users than to oth- 
ers. This subject can be reviewed elsewhere [25]. Briefly, patients with mild inter- 
mittent allergies can usually be managed with antihistamines, although they should 
never be tried for the first time immediately prior to a voice performance. Because 
antihistamines commonly produce unacceptable side effects, trial and error may be 
needed in order to find a medication with an acceptable balance between effect and 
side effect for any individual patient, especially a voice professional. Patients with 
allergy-related voice disturbances may find hyposensitization a more effective 
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approach than antihistamine use if they are candidates for such treatment. For voice 
patients with unexpected allergic symptoms immediately prior to an important 
voice commitment, corticosteroids should be used rather than antihistamines, in 
order to minimize the risks of side effects (such as drying and thickening of secre- 
tions) that might make voice performance difficult or impossible. Allergies com- 
monly cause voice problems by altering the mucosa and secretions and causing 
nasal obstruction. 


4.3.5 Laryngopharyngeal Reflux 


Laryngopharyngeal reflux (LPR) is extremely common among voice patients, espe- 
cially singers [26]. This is a condition in which the sphincter between the stomach 
and esophagus is inefficient, and acidic stomach secretions reflux (reach the laryn- 
geal tissues), causing inflammation. The most typical symptoms are hoarseness in 
the morning, prolonged vocal warm-up time, postnasal drip, halitosis, and a bitter 
taste in the morning, a feeling of a “lump in the throat,’ frequent throat clearing, 
chronic irritative cough, and frequent tracheitis or tracheobronchitis. Any or all of 
these symptoms may be present. Heartburn is not common in these patients, so the 
diagnosis is often missed. Prolonged reflux also is associated with the development 
of Barrett’s esophagus, esophageal carcinoma, and laryngeal carcinoma [26]. 

Physical examination usually reveals erythema (redness) of the arytenoids 
mucosa. A barium swallow radiographic study with water siphonage may provide 
additional information but is not needed routinely. However, if a patient complies 
strictly with treatment recommendations and does not show marked improvement 
within a month, or if there is a reason to suspect more serious pathology, a more 
comprehensive evaluation should be carried out. Twenty-four-hour pH impedance 
monitoring of the esophagus or pharyngeal pH monitoring is often effective in 
establishing a diagnosis. The results are correlated with a diary of the patient’s 
activities and symptoms. Endoscopic examination of the esophagus should be con- 
sidered for many patients. Bulimia should also be considered in the differential 
diagnosis when symptoms are refractory to treatment and other physical and psy- 
chologic signs are suggestive. 

The mainstays of treatment for reflux laryngitis are elevation of the head of the 
bed (not just sleeping on pillows), antacids, proton pump inhibitors and H2 block- 
ers, low acid diet, alkaline water, alginate, and avoidance of eating for 3—4 h before 
going to sleep. This is often difficult for singers and actors because of their perfor- 
mance schedules, but if they are counseled about minor changes in eating habits 
(such as eating larger meals at breakfast and lunch), usually they can comply. 
Avoidance of alcohol, caffeine, and specific foods is beneficial. Medications that 
decrease or block acid production may be necessary. It must be recognized that 
control of acidity is not the same as control of reflux. In many cases, reflux is pro- 
voked during singing because of the increased abdominal pressure associated with 
support. In these instances, it often causes excessive phlegm and throat clearing 
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during the first 10 or 15 min of a performance or lesson, as well as other common 
laryngopharyngeal symptoms, even when acidity has been neutralized effectively. 
Laparoscopic Nissen fundoplication has proven extremely effective and should be 
considered a reasonable alternative to lifelong medication in this relatively young 
patient population [26]. 


4.3.6 Endocrine Dysfunction 


Endocrine (hormonal) problems warrant special attention. The human voice is 
extremely sensitive to endocrinologic changes. Many of these are reflected in altera- 
tions of fluid content of the lamina propria just beneath the laryngeal mucosa. This 
causes alterations in the bulk and shape of the vocal folds and results in voice 
change. Hypothyroidism is a well-recognized cause of such voice disorders, 
although the mechanism is not understood fully [27-30]. Hoarseness, voice fatigue, 
muffling of the voice, loss of range, and a sensation of a lump in the throat may be 
present even with mild hypothyroidism. Even when thyroid function tests results are 
within the low normal range, this diagnosis should be considered, especially if 
thyroid-stimulating hormone levels are in the high-normal range or are elevated. 
Thyrotoxicosis may result in similar voice disturbances [30, 31]. 

Voice changes associated with sex hormones are encountered commonly in clini- 
cal practice and have been investigated more thoroughly than have other hormonal 
changes. Although a correlation appears to exist between sex hormone levels and 
depth of male voices (higher testosterone and lower estradiol levels in basses than 
in tenors) [32], the most important hormonal considerations in males occur during 
the maturation process. 

When castrato singers were in vogue, castration at about age 7 or 8 years resulted 
in failure of laryngeal growth during puberty, and voices that stayed in the soprano 
or alto range and boasted a unique quality of sound [33]. Failure of a male voice to 
change at puberty is uncommon today and is often psychogenic in etiology [1]. 
However, hormonal deficiencies such as those seen in cryptorchidism, delayed sex- 
ual development, Klinefelter syndrome, or Fröhlich syndrome may be responsible. 
In these cases, the persistently high voice may be the complaint that causes the 
patient to seek medical attention. 

Voice problems related to sex hormones are most common in female singers [34]. 
Although voice changes associated with the normal menstrual cycle may be difficult 
to quantify with current experimental techniques, unquestionably they occur [2, 
34-38]. Most of the ill effects seen in the immediate premenstrual period are known 
as laryngopathia premenstrualis. This common condition is caused by physiologic, 
anatomic, and psychologic alterations secondary to endocrine changes. The vocal 
dysfunction is characterized by decreased vocal efficiency, loss of the highest notes 
in the voice, voice fatigue, slight hoarseness, and some muffling of the voice. It is 
often more apparent to the singer than to the listener. It was recognized long ago that 
submucosal hemorrhages in the larynx are more common in the premenstrual period 
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[36], and premenstrual vascular changes have been confirmed over the ensuing 
decades. In many European opera houses, singers used to be excused from singing 
during the premenstrual and early menstrual days (“grace days”). This practice was 
not followed in the United States and is no longer in vogue anywhere. Premenstrual 
changes cause significant vocal symptoms in approximately one-third of singers. 
Although ovulation inhibitors were shown long ago to mitigate some of these symp- 
toms [37], in some women (about 5%) first-generation birth control pills used to 
deleteriously alter voice range and character even after only a few months of therapy 
[39-43]. However, modern oral contraceptives usually do not produce such prob- 
lems and may even improve voice [42]. Under crucial performance circumstances, 
oral contraceptives may be used to alter the time of menstruation, but this practice is 
justified only in unusual situations. Symptoms similar to laryngopathia premenstrua- 
lis also occur in some women at the time of ovulation. 

Pregnancy results frequently in voice alterations known as laryngopathia gravi- 
darum. The changes may be similar to premenstrual symptoms or may be perceived 
as desirable changes. In some cases, alterations produced by pregnancy are perma- 
nent [44, 45]. Although hormonally induced changes in the larynx and respiratory 
mucosa secondary to menstruation and pregnancy are discussed widely in the litera- 
ture, references to the important alterations in abdominal support are scarce. 
Abdominal distention during pregnancy also interferes with abdominal muscle 
function. Any singer whose abdominal support is compromised substantially should 
be discouraged from strenuous practice or performance until the abdominal impair- 
ment has resolved. 

Estrogens are helpful in postmenopausal singers and should be administered 
supervision of a gynecologist or endocrinologist as potential systemic side effects 
have been described. Under no circumstances should androgens be given to female 
singers even in small amounts if any reasonable therapeutic alternative exists. 
Clinically, these drugs are used most commonly to treat endometriosis or postmeno- 
pausal loss of libido. Androgens cause unsteadiness of the voice, rapid changes of 
timbre, and lowering of the fundamental frequency (masculinization) [46-50]. 
These changes have been known for decades but still occur not only from illicit drug 
use for body building, but also iatrogenically. These changes are usually permanent. 

Recently, we have seen increasing abuse of anabolic steroids among bodybuild- 
ers and other athletes. In addition to their many other hazards, these medications 
may alter the voice. They are (or are closely related to) male hormones; conse- 
quently, they are capable of producing masculinization of the voice. Lowering of the 
fundamental frequency and coarsening of the voice produced in this fashion are 
similar to a boy’s voice change at puberty and generally are irreversible. 

Other hormonal disturbances may also produce voice dysfunction. In addition to 
the thyroid gland and the gonads, the parathyroid, adrenal, pineal, and pituitary 
glands are included in this system. Other endocrine disturbances may alter voice, as 
well. For example, pancreatic dysfunction may cause xerophonia (dry voice), as in 
diabetes mellitus. Thymic abnormalities can lead to feminization of the voice [51], 
and thymomas may cause laryngeal myasthenia gravis that produces voice instabil- 
ity and fatigue. 
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4.3.7 Neurologic Disorders 


Numerous neurologic conditions may adversely affect the voice. They are discussed 
in other literature [2]. Some of them, such as myasthenia gravis, are amenable to 
medical therapy with drugs such as pyridostigmine (Mestinon). Such therapy fre- 
quently restores the voice to normal. An exhaustive neurolaryngologic discussion is 
beyond the scope of this chapter. Nevertheless, when evaluating voice dysfunction, 
health care providers must consider numerous neurologic problems, including 
Parkinson’s disease, essential tremor, various other disorders that produce tremor, 
drug-induced tremor, multiple sclerosis, dystonias, and many other conditions. 
Spasmodic dysphonia (SD), a laryngeal dystonia, presents particularly challenging 
problems. This subject is covered in detail elsewhere [2]. Focal dystonias that effect 
the mouth and lips can be troublesome for singers and other voice professionals, but 
they can be devastating for wind instrumentalists. The same is true for velopharyn- 
geal insufficiency, a condition that is common among instrumentalists who play 
clarinet, oboe, saxophone, bassoon, French horn, trumpet, coronet, and other wind 
instruments. People who play these instruments often develop velopharyngeal 
insufficiency (VPI) which also is more likely to disable a wind player than a singer. 
In addition, wind instrumentalists (some of whom are also singers) develop a vari- 
ety of other problems such as pneumoparotitis. Stuttering also provides unique chal- 
lenges. Although still poorly understood, this condition is noted for its tendency to 
affect speech while sparing singing. 


4.3.8 Vocal Fold Hypomobility 


Vocal fold hypomobility may be caused by paralysis (no movement), paresis (par- 
tial movement), arytenoid dislocation, cricoarytenoid joint dysfunction, tumor, 
laryngeal fracture, and other causes. Differentiating among these conditions is often 
more complicated than it appears to be at first glance. A comprehensive discussion 
is beyond the scope of this chapter, and the reader is referred to other literature [2]. 
In addition to a comprehensive history and physical examination, evaluation com- 
monly includes strobovideolaryngoscopy, objective voice assessment, laryngeal 
electromyography, and high-resolution computed tomography (CT) or magnetic 
resonance imaging (MRI) of the larynx and related neurological structures. Most 
vocal fold motion disorders are amenable to treatment. Voice therapy should be 
used first in virtually all cases. Even in many patients with recurrent laryngeal nerve 
paralysis, voice therapy alone is often sufficient. When therapy fails to produce 
adequate voice improvement in the patient’s opinion, surgical intervention is appro- 
priate and usually is effective. 
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4.4 General Health 


As with any other athletic activity, optimal voice use requires reasonably good gen- 
eral health and physical conditioning. Abdominal and respiratory strength and 
endurance are particularly important. If a person becomes short of breath from 
climbing two flights of stairs, he or she certainly does not have the physical stamina 
necessary for proper respiratory support for a speech, let alone a strenuous musical 
production. This deficiency usually results in abusive vocal habits used in vain 
attempts to compensate for the deficiencies. 

Systemic illnesses, such as anemia, Lyme disease, mononucleosis, AIDS, chronic 
fatigue syndrome, or other diseases associated with malaise and weakness, may 
impair the ability of vocal musculature to recover rapidly from heavy use and may 
also be associated with alterations of mucosal secretions. Other systemic illnesses 
may be responsible for voice complaints, particularly if they impair the abdominal 
muscles necessary for breath support. For example, diarrhea and constipation that 
prohibit sustained abdominal contraction may be reasons for the physician to pro- 
hibit a strenuous singing or acting engagement. Health care providers should be 
familiar with laryngeal manifestations of system disease [52]. 

Any extremity injury, such as a sprained ankle, may alter posture and therefore 
interfere with customary abdominothoracic support. Voice patients are often 
unaware of this problem and develop abusive, hyperfunctional compensatory 
maneuvers in the neck and tongue musculature as a result. These technical flaws 
may produce voice complaints such as voice fatigue and neck pain that bring the 
performer to the physician’s office for assessment and care. They even can produce 
structural lesions such as hemorrhage and nodules. 


4.4.1 Obesity 


Singers, actors, and many other professional voice users are verbal, oral people. 
Most enjoy singing, talking, and a good bowl of pasta after the show. However, 
before indulging our passions for culinary excess, it is important to understand the 
impact of obesity not only on singing performance, but also on general health and 
longevity [53]. 

For medical reasons, when obesity becomes extreme, serious measures may be 
necessary to accomplish weight loss. The most severely overweight patients have an 
entity called “morbid obesity.” This condition is diagnosed when a person is more 
than 100 pounds or 100% over ideal body weight. Morbid obesity is extremely com- 
mon in our society. It is estimated that 34 million adult Americans (1 of every 5 
people over the age of 19) have significant obesity. As little as 20% excess over 
desirable body weight may be enough to constitute a health hazard. Doctors have 
long been aware of the difficulty in controlling weight problems with medical treat- 
ment alone. Of all patients who lose weight, 90% regain it at some point in their 
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lives, and many even exceed their original weight. This led doctors to consider sur- 
gery as an option in treating this problem in selected cases. 

In February 1985, a panel of experts from the National Institutes of Health looked 
at health problems associated with obesity [54]. Opinions have not changed sub- 
stantially since that time. They concluded that obesity has adverse effects on health 
and longevity. 


1. Obesity creates enormous psychological stress, which is a problem not well 
understood by the general population. Large people are unpopular, discriminated 
against in the workplace, and considered lazy. 

2. Obesity is associated with high blood pressure. Obese people have high blood 

pressure three times more often than nonobese people. 

. Obesity is associated with higher levels of cholesterol. 

4. Obesity is associated with diabetes. As with high blood pressure, this is seen 

three times more commonly in obese individuals. 

. Obesity is a factor in the development of heart disease. 

6. Obesity increases the risk of developing certain cancers, specifically those of the 
uterus, breast, cervix, and gall bladder in women, and the colon, rectum, and 
prostate in men. 

7. Obese individuals have a shorter life span. 

8. Obesity is related to respiratory problems and arthritis. 
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With weight loss, all of these problems can be improved substantially, and pro- 
longation of life is possible. 

The best treatment for obesity is avoidance of the problem. Early in training, 
singers and other voice professionals, as well as all other performers, should learn 
the importance of good physical and aerobic conditioning. This is important to the 
voice professional’s general health, vocal health, and art. Even a moderate degree of 
obesity may affect the respiratory system adversely, undermining support. Weight 
reduction is recommended for people who are 20% or more above ideal weight. In 
the singer, weight should be lost slowly through modification of eating and lifestyle 
habits. Loss of 2 or 3 pounds per week is plenty. More rapid loss of weight causes 
fluid shifts and hormonal alterations that may result in changes in vocal quality and 
endurance. Although these changes appear to be temporary, the effects of weight 
loss on vocal function have not been studied adequately; therefore, we do not have 
answers to all the pertinent questions. It is certainly possible for a singer to lose 
weight too quickly, but we are not yet sure how much weight loss is too much. 
Studies should be encouraged to learn more about this problem. However, it appears 
that maintenance of ideal body weight is probably as healthy for the voice as it is for 
the rest of the body. For people 20-100% above ideal body weight, weight loss can 
be accomplished with a medically supervised diet and exercise. However, people 
who are morbidly obese frequently are unable to lose weight by dietary or medical 
means alone. Morbidly obese patients may be candidates for surgery to help control 
their weight problems. 

Although several kinds of obesity operations exist, the older procedures have 
troublesome side effects. At present, the best methods are a form of gastric 
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restrictive surgery, known as the gastric bypass and gastric banding. Postoperatively, 
weight loss occurs over 12—18 months and stops as ideal body weight is approached. 
In most cases, singing may be resumed at about 6 weeks following abdominal sur- 
gery. Although the effects on the voice are not yet documented fully, there does not 
appear to be any significant problem associated with slow weight loss in patients 
with morbid obesity. Although further study is necessary to confirm these impres- 
sions, in singers or actors with this degree of weight problem, considerations of 
longevity, heart condition, blood pressure, and other critical health matters may 
outweigh immediate voice concerns. 

For most singers, an extra 10, 20, or 30 pounds is not perceived as much of a 
problem. However, as 20 becomes 30, and 30 becomes 40, substantial adverse 
effects occur in the body in general and the vocal tract specifically. In training, sing- 
ers and actors should be encouraged to treat their entire bodies with the same rever- 
ence with which they regard their vocal folds. Self-respect as a professional athlete 
is a sound basis for a long vocal career—and a long life. 


4.4.2 Anxiety 


Voice professionals, especially singers and actors, are frequently sensitive and com- 
municative people. When the principal cause of vocal dysfunction is anxiety, the 
physician often can accomplish much by assuring the patient that no organic prob- 
lem is present and by stating that the diagnosis of anxiety reaction. The patient 
should be counseled that anxiety is normal and that recognition of it as the principal 
problem frequently allows the performer to overcome it. Tranquilizers and sedatives 
are rarely necessary and often are undesirable because they may interfere with fine 
motor control. For example, beta-adrenergic blocking agents such as propranolol 
hydrochloride have become popular among performers for the treatment of preper- 
formance anxiety. Beta-blockers are not recommended for regular use; they have 
significant effects on the cardiovascular system and many potential complications, 
including hypotension, thrombocytopenic purpura, mental depression, agranulocy- 
tosis, laryngospasm with respiratory distress, and bronchospasm. In addition, their 
efficacy is controversial. Although they may have a favorable effect in relieving 
performance anxiety, beta-blockers may produce a noticeable adverse effect on 
singing performance [55]. 

Although these drugs have a place under occasional, extraordinary circum- 
stances, their routine use for this purpose not only is potentially hazardous but also 
violates an important therapeutic principle. Performers have chosen a career that 
exposes them to the public. If such persons are so incapacitated by anxiety that they 
are unable to perform the routine functions of their chosen profession without 
chemical help, this should be considered symptomatic of an important underlying 
psychologic problem. For a performer to depend on drugs to perform is neither 
routine nor healthy, whether the drug is a benzodiazepine, a barbiturate, a beta- 
blocker, or alcohol. If such dependence exists, psychologic evaluation by an 
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experienced arts-medicine psychologist or psychiatrist should be considered [56]. 
Obscuring the symptoms by fostering the dependence is insufficient. However, if 
the patient is on tour and will only be under a particular otolaryngologist’s care for 
a week or so, the physician should not try to make major changes in his or her cus- 
tomary regimen. Rather, the physician should communicate with the performer’s 
primary otolaryngologist or family physician to coordinate appropriate long- 
term care. 

As professional voice users constitute a subset of society as a whole, all the psy- 
chiatric disorders encountered among the general public are seen from time to time 
in voice professionals. In some cases, professional voice users require modification 
of the usual psychologic treatment, particularly with regard to psychotropic medica- 
tions. Detailed discussion of this and related subjects can be found elsewhere [57]. 

When voice professionals, especially singers and actors, have a significant vocal 
impairment that results in voice loss (or the prospect of voice loss), they often go 
through a psychologic process similar to grieving [56]. In some cases, fear of dis- 
covering that the voice is lost forever may unconsciously prevent patients from try- 
ing to use their voices optimally following injury or treatment. This can dramatically 
impede or prevent recovery of function following a perfect surgical result, for exam- 
ple. It is essential that otolaryngologists, performers, and their teachers be familiar 
with this fairly common scenario, and it is ideal to include an arts-medicine psy- 
chologist and/or psychiatrist as part of the voice team. 

Psychogenic voice disorders, incapacitating psychologic reactions to organic 
voice disorders, and other psychologic problems are encountered commonly in 
young voice patients. They are discussed in other literature [56]. 


4.4.3 Substance Abuse 


The list of substances ingested, smoked, or “snorted” by many people is disturb- 
ingly long. Whenever possible, patients who care about vocal quality and longevity 
should be educated about the deleterious effects of such habits upon their voice and 
upon the longevity of their careers by their physicians and teachers. A few specific 
substances have already been discussed. 


4.4.4 Other Diseases That May Affect the Voice 


The larynx is subject to numerous acute and chronic infections. Some of them may 
be mistaken for malignancy and may be biopsied unnecessarily, exposing the patient 
(and sometimes the physician) to unnecessary risk. Tuberculosis, for example, is 
still seen in modern practice. Although laryngeal lesions used to be associated with 
extensive pulmonary infection, they are now usually associated with much less viru- 
lent disease, often only a mild cough. Laryngeal tuberculosis lesions usually are 
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localized [58, 59]. Sarcoidosis, another granulomatous disease, causes laryngeal 
symptoms in roughly 3-5% of cases [60]. Noncaseating granulomas are found in 
the larynx, and the false vocal folds are frequently involved, producing airway 
obstruction rather than dysphonia. Less common diseases including leprosy [61, 
62], syphilis [63], scleroderma [64], typhoid [65], typhus, anthrax, and other condi- 
tions can produce laryngeal lesions that might lead the laryngologist to obtain a 
possibly unnecessary biopsy. Confusing lesions also may be caused by a variety of 
mycotic infections including histoplasmosis [66-68], coccidioidomycosis [69], 
cryptococcosis [70], blastomycosis [68-72], actinomycosis [73, 74], candidiasis 
[75], aspergillosis [76-78], mucormycosis [79], rhinosporidiosis [80], and sporotri- 
chosis [81]. Parasitic diseases may also produce laryngeal masses. The most promi- 
nent example is leishmaniasis [82]. More detailed information about most of the 
conditions discussed above is available in a text by Michaels [83] and elsewhere in 
this book [2]. 

Collagen vascular diseases and other unusual problems may produce laryngeal 
masses. Rheumatoid arthritis may produce not only fixation of the cricoarytenoid 
and cricothyroid joints, but also consequent neuropathic muscle atrophy [84] and 
rheumatoid nodules of the larynx [85]. Rheumatoid arthritis with or without nod- 
ules may produce respiratory obstruction. Gout may cause laryngeal arthritis. In 
addition, gouty tophi may appear as white submucosal masses of the true vocal fold. 
They consist of sodium urate crystals in fibrous tissue and have been documented 
well [86-88]. Amyloidosis of the larynx is rare but well recognized [89-91]. 
Urbach-Wiethe disease (lipoid proteinosis) [92] often involves the mucous mem- 
brane of the larynx, usually the vocal folds, aryepiglottic fold, and epiglottis. Other 
conditions, such as granulomatosis with polyangiitis (Wegener granulomatosis) and 
relapsing polychondritis, also may involve the larynx. They are less likely to pro- 
duce discrete nodules, but the diffuse edema associated with chondritis and necro- 
tizing granulomas may produce substantial laryngeal and voice abnormalities. 
Amyloidosis of the larynx is rare and usually involves the false vocal folds, but it 
can extend onto the true vocal folds. Unusual laryngeal masses also may be caused 
by trauma. Trauma is discussed in detail elsewhere [2], but the physician must be 
careful to inquire about laryngeal trauma, the consequences of which may not be 
recognized until months or years after the injury. 

A few rare skin lesions also may involve the larynx producing symptomatic 
lesions, and sometimes airway obstruction. These include pemphigus vulgaris, seen 
in adults between 40 and 60 years of age. Pemphigus lesions may involve the 
mucosa, including the epiglottis [93]. Epidermolysis bullosa describes a group of 
congenital vesicular disorders usually seen at birth or shortly thereafter. This condi- 
tion may cause laryngeal stenosis, or large, bleb-like vocal fold masses with detach- 
ment of the epithelium. Some viral conditions may cause laryngeal structural 
pathology, most notably papillomata. However, herpes, variola, and other organisms 
also have been implicated in laryngeal infection. 

There are numerous other conditions, many of which are not covered compre- 
hensively in this chapter, that may affect voices adversely. Most of them are not 
common problems among professional voice users. However, the laryngologist 
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should remember that laryngeal manifestations of many systemic diseases may 
cause voice changes that bring the patient to medical attention for the first time [52, 
53]. We must remain alert for their presence and think of them particularly when 
more common, obvious etiologies are not identified, or when patients do not respond 
to treatment as expected. The voice may be affected by the following problems not 
discussed above (among others): acromegaly, Arnold-Chiari malformations, blood 
dyscrasias, neurologic disease (vocal fold paralysis), collagen vascular disease 
(including rheumatoid arthritis, systemic lupus erythematosus, scleroderma, 
Sjégren’s syndrome, and others), deafness, gout, Hodgkin’s disease, leprosy, lym- 
phoma, Madelung’s disease, malignancies, myopathies, a myriad of infectious dis- 
eases (bacterial, viral, granulomatous, and fungal), mononucleosis, numerous 
syndromes (Basedow’s, adrenogenital syndrome, Down’s syndrome, hereditary 
angioedema, Kleinfelter’s syndrome, Melkersson-Rosenthal syndrome, pachyo- 
nychia congenita, short stature syndromes, Shy-Drager syndrome, and many oth- 
ers), syphilis, sarcoidosis, tuberculosis, Crohn’s disease, Wilson’s disease, and other 
chronic diseases. 

Dentofacial anomalies also may impact voice substantially, as reviewed else- 
where (REFERENCE). 


4.5 Structural Abnormalities of the Larynx 


4.5.1 Nodules 


Nodules are callous-like masses of the vocal folds that are caused by vocally abu- 
sive behaviors and are a dreaded malady of singers and actors. Occasionally, laryn- 
goscopy reveals asymptomatic vocal nodules that do not appear to interfere with 
voice production; in such cases, the nodules need not be treated. Some famous and 
successful singers have had untreated vocal nodules throughout their careers. 
However, in most cases, nodules result in hoarseness, breathiness, loss of range, and 
voice fatigue. They may be caused by abusive speaking rather than improper sing- 
ing technique. Voice therapy always should be tried as the initial therapeutic modal- 
ity and will cure the vast majority of patients even if the nodules look firm and have 
been present for many months or years. Even apparently large, fibrotic nodules 
often shrink, disappear, or become asymptomatic with 6—12 weeks of expert voice 
therapy with good patient compliance. Even in those who eventually need surgical 
excision of the nodules, preoperative voice therapy is essential to prevent recur- 
rence. Care must be taken in diagnosing nodules. 

It is almost impossible to make the diagnosis accurately and consistently without 
strobovideolaryngoscopy and good optical magnification. Vocal fold cysts are com- 
monly misdiagnosed as nodules, and treatment strategies are different for the two 
lesions. Vocal nodules are confined to the superficial layer of the lamina propria and 
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are composed primarily of edematous tissue or collagenous fibers. Basement mem- 
brane reduplication is common. They are usually bilateral and fairly symmetric. 

Caution must be exercised in diagnosing small nodules in patients who have 
been singing or speaking actively. In many singers, for example, bilateral, symmet- 
ric soft swellings at the junction of the anterior and middle thirds of the vocal folds 
develop after heavy voice use. No evidence suggests that patients with such “physi- 
ologic swelling” are predisposed to develop vocal nodules. At present, the condition 
is generally considered to be within normal limits. The physiologic swelling usually 
disappears with 24—48 h of rest from heavy voice use. The physician must be careful 
not to frighten the patient by misdiagnosing physiologic swellings as vocal nodules. 
Nodules carry a great stigma among voice professionals, and the psychologic 
impact of the diagnosis should not be underestimated. When nodules are present, 
these patients should be informed with the same gentle caution used in telling a 
patient that he or she has a life-threatening mass. 


4.5.2 Submucosal Cysts 


Submucosal cysts of the vocal folds are probably also traumatic lesions that are the 
result of a blocked mucous gland duct in many cases. However, they also may be 
congenital or occur from other causes. They often cause contact swelling on the 
contralateral side and can be misdiagnosed as nodules. They usually can be differ- 
entiated from nodules by strobovideolaryngoscopy when the mass is observed to be 
fluid filled. They also may be suspected when the nodule (contact swelling) on one 
vocal fold resolves with voice therapy while the mass on the other vocal fold does 
not resolve. Cysts may be discovered on one side (occasionally both sides) when 
surgery is performed for apparent nodules that have not resolved with voice therapy. 
The surgery should be performed superficially and with minimal trauma, as dis- 
cussed in a separate chapter. Ordinarily, cysts are lined with thin squamous epithe- 
lium. Retention cysts contain mucus. Epidermoid cysts contain caseous material. 
Generally, cysts are located in the superficial layer of the lamina propria. In some 
cases, they may be attached to the vocal ligament. 


4.5.3 Polyps 


Vocal fold polyps, another type of vocal fold mass, usually occur on only one vocal 
fold. They often have a feeding blood vessel coursing along the superior surface of 
the vocal fold and joining (or originating from) the base of the polyp. The pathogen- 
esis of polyps cannot be proven in many cases, but the lesion is thought to be trau- 
matic and sometimes starts as a hemorrhage. Polyps may be sessile or pedunculated. 
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Typically, they are located in the superficial layer of the lamina propria and do not 
involve the vocal ligament. In those arising from an area of hemorrhage, the vocal 
ligament may be involved with posthemorrhagic fibrosis that is contiguous with the 
polyp. Histologic evaluation most commonly reveals collagenous fibers, hyaline 
degeneration, edema, thrombosis, and often bleeding within the polypoid tissue. 
Cellular infiltration also may be present. In some cases, even sizable polyps resolve 
with relative voice rest and a few weeks of low-dose steroid therapy (e.g., methyl- 
prednisone 4 mg twice a day). However, most require surgical removal. If polyps 
are not treated, they may produce contact injury on the contralateral vocal fold. 
Voice therapy should be used to ensure good relative voice rest and prevent abusive 
voice behavior before and after surgery. When surgery is performed, care must be 
taken not to damage the leading edge of the vocal fold, especially if a laser is used. 
In all laryngeal surgery, delicate microscopic dissection is the standard of care. 
Vocal fold “‘stripping” is an out-of-date surgical approach formerly used for benign 
lesions; and it often resulted in scar and/or poor unserviceable voice function. It is 
no longer an acceptable surgical technique in most situations. 


4.5.4 Granulomas 


Granulomas usually occur in the cartilaginous portion of the vocal fold near the 
vocal process or on the medial surface of the arytenoid. They are composed of col- 
lagenous fibers, fibroblasts, proliferated capillaries, and leukocytes. They are usu- 
ally covered with epithelium. Granulomas are associated with gastroesophageal 
reflux laryngitis and trauma (including trauma from voice abuse and from intuba- 
tion). The term is a misnomer, since these lesions are inflammatory, not true granu- 
lomas as would be seen in tuberculosis or sarcoidosis. Therapy should include 
reflux control, voice therapy, and surgery if the granuloma continues to enlarge or 
does not resolve after adequate time and treatment. Granular cell tumors also can 
occur in the larynx [94]. 


4.5.5  Reinke’s Edema 


Severe Reinke’s edema is characterized by an “elephant ear,’ floppy vocal fold 
appearance. It is often observed during examination in many nonprofessional and 
professional voice users and is accompanied by a low, coarse, gruff voice. Reinke’s 
edema is a condition in which the superficial layer of lamina propria (Reinke’s 
space) becomes edematous. The lesion does not usually include hypertrophy, 
inflammation, or degeneration, although other terms for the condition include pol- 
ypoid degeneration, chronic polypoid corditis, and chronic edematous hypertrophy. 
Reinke’s edema is often associated with smoking, voice abuse, reflux, and 
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hypothyroidism. Underlying conditions should be treated. However, the condition 
may require surgery if voice improvement is desired. The surgery should be per- 
formed only if there is a justified high suspicion of serious pathology such as cancer, 
if there is airway obstruction, or if the patient is unhappy with his or her vocal qual- 
ity. For some voice professionals, abnormal Reinke’s edema is an important compo- 
nent of the vocal signature. Although the condition is usually bilateral, surgery 
should generally be performed on one side at a time. Many patients have mild 
Reinke’s edema on one or both vocal folds that does not require treatment. 


4.5.6 Sulcus Vocalis 


Sulcus vocalis is a groove along the edge of the membranous vocal fold. The major- 
ity are congenital, bilateral, and symmetric, although posttraumatic acquired lesions 
occur. When symptomatic (they often are not), sulcus vocalis can be treated surgi- 
cally if sufficient voice improvement is not obtained through voice therapy. 


4.5.7 Scar 


Vocal fold scar is a sequela of trauma and results in fibrosis and obliteration of the 
layered structure of the vocal fold. It may impede vibration and consequently cause 
dysphonia. Recent surgical advances have made this condition much more treatable 
than it used to be [95, 96], but it is still rarely possible to restore voices to normal in 
the presence of scar. 


4.5.8 Hemorrhage 


Vocal fold hemorrhage is a potential disaster in singers. Hemorrhages resolve spon- 
taneously in most cases, with restoration of normal voice. However, in some 
instances, the hematoma organizes and fibroses, resulting in scar [97]. This alters 
the vibratory pattern of the vocal fold and can result in permanent hoarseness. In 
selected cases, it may be best to avoid this problem through surgical incision and 
drainage of the hematoma. In all cases, vocal fold hemorrhage usually is managed 
with absolute voice rest until the hemorrhage has largely resolved (usually about 
1 week) and relative voice rest until normal vascular and mucosal integrity have 
been restored. This often takes 6 weeks and sometimes longer. Recurrent vocal fold 
hemorrhages usually are caused by weakness in a specific blood vessel, which may 
require surgical cauterization of the blood vessel using a laser or microscopic resec- 
tion of the vessel [98]. 
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4.5.9 Papilloma 


Laryngeal papillomas are epithelial lesions caused by human papilloma virus. 
Histology reveals neoplastic epithelial cell proliferation in a papillary pattern and 
viral particles. At the present time, symptomatic papillomas are treated surgically, 
although alternatives have been recommended to the usual laser vaporization 
approach [99, 100]. Cidofovir injected into the lesion has shown considerable prom- 
ise [99, 101]. 


4.5.10 Cancer 


A detailed discussion of cancer of the larynx is beyond the scope of this chapter. The 
prognosis for small vocal fold cancers is good, whether they are treated by radiation 
or surgery. Although it may seem intuitively obvious that radiation therapy provides 
a better chance of voice conservation than even limited vocal fold surgery, late radi- 
ation changes in the vocal fold may produce substantial hoarseness, xerophonia (dry 
voice), and voice dysfunction. Consequently, from the standpoint of voice preserva- 
tion, optimal treatments remain uncertain. Prospective studies using objective voice 
measures and strobovideolaryngoscopy should answer the relevant questions in the 
future. Strobovideolaryngoscopy is also valuable for follow-up of patients who have 
had laryngeal cancers. It permits detection of vibratory changes associated with 
infiltration by the cancer long before they can be seen with continuous light. 
Stroboscopy has been used in Europe and Japan for this purpose for many years. In 
the United States, the popularity of strobovideolaryngoscopy for follow-up of 
patients with cancer has increased greatly since the mid-to-late 1980s. 

The psychologic consequences of vocal fold cancer can be devastating, espe- 
cially in a professional voice user. They may be overwhelming for nonvoice profes- 
sionals, as well. These reactions are understandable and expected. In many patients, 
however, psychologic reactions may be as severe following medically “less signifi- 
cant” vocal fold problems such as hemorrhages, nodules, and other conditions that 
do not command the public respect and sympathy afforded to a cancer. In many 
ways, the management of related psychologic problems can be even more difficult 
in patients with these “lesser” vocal disturbances. 


4.5.11 Laryngoceles and Pharyngoceles 


The ventricle of Morgagni is located between the true and false vocal folds. The 
appendix of the ventricle of Morgagni is a blind pouch called the saccule in the 
anterior superior portion. Laryngoceles are abnormal dilations or herniations of the 
laryngeal saccule [102]. They communicate with the laryngeal lumen and generally 
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are filled with air. They become apparent clinically when they are distended after air 
is forced into them or when they are filled with fluid. They are connected to the 
ventricle by a narrow stalk and form a sac lined with pseudostratified, ciliated 
columnar epithelium. The appendix of the ventricle is considered abnormal if it 
extends above the upper border of the thyroid cartilage. 

Laryngoceles limited to the interior of the larynx are called internal; those that 
protrude outside the thyroid cartilage into the neck are called external. They also 
may be mixed (internal and external). Laryngoceles should be distinguished from 
pharyngoceles, which are not true pouches and which generally diminish in size in 
the absence of pharyngeal pressure (e.g., when not whistling or playing a wind 
instrument) [102]. Pharyngoceles are air-filled expansions of the pharynx that can 
be large enough to require musicians to wear shirts with extra large collar sizes or 
to play with the collar unbuttoned. Laryngoceles and pharyngoceles are most com- 
mon in brass instrumentalists. In laryngoceles, outpouchings of the laryngeal ven- 
tricle can extend through the openings in the thyrohyoid membrane for the superior 
laryngeal vessels and nerve, and balloon outward and upward toward the subman- 
dibular triangle [103]. External and mixed laryngoceles are really variants of the 
internal laryngocele. Because laryngoceles arise from the region of the saccule 
within the larynx, if the lesion is a laryngocele, there must be an intralaryngeal 
component manifested at least as a tract connecting the lateral component with the 
ventricle, with or without internal dilation. Hence, pure external laryngoceles do not 
exist. Lesions without an intralaryngeal component should be classified differently 
(e.g., as pharyngoceles). 

There are several proposed mechanisms for laryngocele formation. In neonates, 
they are presumed to be remnants of the lateral air sacs seen in other primates. In 
adults, they can represent a congenital enlargement of the saccule or an acquired 
lesion associated with increased intraluminal pressure. The association of laryngo- 
celes with occupations that involve long periods of forced expiration supports this 
notion, and they also are associated with laryngeal carcinomas [104]. 

Brass and woodwind players are at risk for a variety of head and neck abnormali- 
ties as a result of increased intraluminal pressure during musical performances 
[105]. Transient ischemic attacks, temporomandibular joint dysfunction, and dental 
malocclusion have been reported. Injury to the orbicularis oris in brass players can 
require surgical repair [106]. Stress velopharyngeal incompetence has been docu- 
mented in trumpeters, bassoonists, and others as noted above. Young trumpet play- 
ers are at greatest risk for injury to oral and cervical tissues when they generate peak 
respiratory pressure averaging 151 torr [107]. 

Although laryngoceles usually are associated with brass instruments, several 
authors have examined laryngocele formation in woodwind players. Stephani and 
Tarab obtained plain x-rays on 25 wind instrument players and found laryngoceles 
in all of them [108]. Macfie found laryngoceles in 53 of 94 (56%) woodwind bands- 
men [109]. Subclinical laryngoceles are common among horn players, and they 
rarely require surgical intervention. 

Surgery for laryngoceles in young musicians poses several problems. The litera- 
ture offers no definitive guidance regarding the timing of surgery, the healing period 
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before playing can be resumed, and the risk of recurrence with continued perfor- 
mance. Furthermore, the cervical approach used commonly for the treatment of 
external laryngoceles can disrupt the normal function of the strap muscles, which is 
important for tone generation for instrumentalists and for singers [110]. The risks of 
infection and progression of the defect must be balanced against a young perform- 
er’s desire for musical growth. 

Since Ward’s early reports on this subject [103], our understanding of laryngo- 
celes and pharyngoceles has changed slightly. Both laryngoceles and pharyngoceles 
can change size and appearance with variations in internal pressure. Although the 
classical definitions of laryngocele remain valid, combinations of both can occur. 
Air-filled masses that arise in the pharynx (commonly in the region of the piriform 
sinuses) and lack a laryngeal component or origin should be called pharyngoceles. 
Those that arise in the laryngeal ventricle should be called laryngoceles. Considering 
the origins of pharyngeal pouches as reviewed in Ward’s 1963 paper [102] as well 
as the forces involved, it appears likely that most lesions with a laryngeal compo- 
nent originated in the larynx and extended in the neck rather than vice versa, but it 
is not always possible to prove origin. It is also important to recognize that the thera- 
peutic implications of the distinctions are not as clear-cut as they once were and that 
lesions that combine the features of laryngoceles and pharyngoceles occur [111]. 
The distinctions between laryngoceles and pharyngoceles were quite important 
when we still believed laryngoceles usually required surgery and pharyngoceles 
required surgery only rarely. However, as arts-medicine has evolved, experience has 
shown that, in most cases, neither lesion requires surgery. Contrary to our earlier 
understandings, the vast majority of laryngoceles are asymptomatic. 


4.5.12 Other Conditions 


Numerous other conditions could be included in this chapter. For a more compre- 
hensive discussion of the subjects covered above, the reader is referred [2]. 


4.6 Medical Management for Voice Dysfunction 


Medical management of many problems affecting the voice involves not only care 
prescribed by an otolaryngologist but also voice therapy, which is provided by an 
interdisciplinary team. The roles and training of the principal members of the team 
are covered in detail elsewhere [2]. This chapter provides a brief introduction to 
their roles in the medical milieu. 
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4.6.1 Speech-Language Pathologist 


An excellent speech-language pathologist is an invaluable asset in caring for profes- 
sional voice users and other voice patients. However, otolaryngologists and singing 
teachers should recognize that, like physicians, speech-language pathologists have 
varied backgrounds and experience in the treatment of voice disorders. In fact, most 
speech-language pathology programs teach relatively little about caring for profes- 
sional speakers and nothing about professional singers. Moreover, few speech- 
language pathologists have vast experience in this specialized area, and no 
fellowships in this specialty exist. Speech-language pathologists often subspecial- 
ize. A speech-language pathologist who expertly treats patients who have had 
strokes, stutter, have undergone laryngectomy, or have swallowing disorders will 
not necessarily know how to manage professional voice users optimally or even 
other less demanding voice patients. The otolaryngologist must learn the strengths 
and weaknesses of the speech-language pathologist with whom he or she works. 
After identifying a speech-language pathologist who is interested in treating profes- 
sional voice users, the otolaryngologist should work closely with the speech- 
language pathologist to develop the necessary expertise. Assistance may be found 
through otolaryngologists who treat large numbers of singers or through educa- 
tional programs such as the Voice Foundation’s Symposium on Care of the 
Professional Voice. In general, therapy should be directed toward vocal hygiene, 
relaxation techniques, voice function exercised breath management, and abdominal 
support. 

Speech (voice) therapy may be helpful even when a singer has no obvious prob- 
lem in the speaking voice but significant technical problems singing. Once a person 
has been singing for several years, a singing teacher may have difficulty convincing 
him or her to correct certain technical errors. However, singers are much less protec- 
tive of their speaking voices. A speech-language pathologist may be able to teach 
proper support, relaxation, and voice placement in speaking. Once mastered, these 
techniques can be carried over fairly easily into singing through cooperation 
between the speech-language pathologist and singing teacher or singing voice spe- 
cialist. This “back door” approach has been extremely useful. For the actor, coordi- 
nating speech-language pathology sessions with acting voice lessons, and especially 
with training of the speaking voice provided by the actor’s voice teacher or coach, 
is often helpful. We have found this combination so helpful that we have added an 
acting voice trainer to our medical staff. Information from the speech-language 
pathologist, acting voice trainer, and singing teacher or singing voice specialist 
should be symbiotic and should not conflict. If major discrepancies exist, bad train- 
ing from one of the team members should be suspected, and changes should 
be made. 
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4.6.2 Singing Voice Specialist 


Singing voice specialists are singing teachers who have acquired extra training to 
prepare them for work with injured voices, in collaboration with a medical voice 
team. They are indispensable for singers and very valuable for nonsingers with 
voice disorders. 

In selected cases, singing lessons may be extremely helpful to nonsingers with 
voice problems. The techniques used to develop abdominal and thoracic muscle 
strength, breath control, laryngeal and neck muscle strength, and relaxation are 
similar to those used in voice therapy. Singing lessons often expedite therapy and 
appear to improve the outcome in some patients. 

Otolaryngologists who care for singers frequently are often asked to recommend 
a voice teacher. This may put them in an uncomfortable position, particularly if the 
singer is already studying with someone in the community. Most physicians do not 
have sufficient expertise to criticize a voice teacher, and we must be extremely cau- 
tious about recommending that a singer change teachers. However, no certifying 
agency standardizes or ensures the quality of a singing teacher. Although one may 
be slightly more confident of a teacher associated with a major conservatory or 
music school or one who is a member of the National Association of Teachers of 
Singing (NATS), neither of these credentials ensures excellence, and many expert 
teachers have neither affiliation. However, with experience, an otolaryngologist can 
develop valid impressions. The physician should record the name of the voice 
teacher of every patient and observe whether the same kinds of voice abuse occur 
with disproportionate frequency in the pupils of any given teacher. Technical prob- 
lems can cause organic abnormalities such as nodules; therefore, any teacher who 
has a high incidence of nodules among his or her students should be viewed with 
cautious concern, but the physician also needs to determine whether the teacher 
attracts a student cohort that has a high incidence of nodules before the students 
have started lessons, as may be seen among some populations of rock and popular 
music singers who have performed extensively without voice training. The physi- 
cian should be particularly wary of teachers who are reluctant to allow their students 
to consult a doctor. The best voice teachers usually are quick to refer their students 
to an otolaryngologist if they hear anything disturbing in a student’s voice. Similarly, 
voice teachers and voice professionals should compare information on the nature 
and quality of medical care received and its success. No physician cures every voice 
problem in every patient, just as no singing teacher produces premiere stars from 
every student who walks into the studio. Nevertheless, voice professionals must be 
critical, informed consumers and accept nothing less than the best medical care and 
voice training. 

After seeing a voice patient, the otolaryngologist should speak with and/or write 
a letter to the voice teacher (with the patient’s permission) describing the findings 
and recommendations as he or she would to a physician, speech-language patholo- 
gist, or any other referring professional. An otolaryngologist seriously interested in 
caring for singers should take the trouble to talk with and meet local singing 
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teachers. Taking a lesson or two with each teacher provides enormous insight, as 
well. Taking voice lessons regularly is even more helpful. In practice, the otolaryn- 
gologist will usually identify a few teachers in whom he or she has particular confi- 
dence, especially for patients with voice disorders, and should not hesitate to refer 
singers to these colleagues, especially singers who are not already in training. 

Pop singers may be particularly resistant to the suggestion of voice lessons, yet 
they are in great need of training. The physician should assure patients that a good 
voice teacher can teach a pop singer how to protect and expand the voice without 
changing its quality or making it sound “trained” or “operatic.” It is helpful to point 
out that singing, like other athletic activities, requires exercise, warm-up, and coach- 
ing for anyone planning to enter the “big league” and stay there. Just as no major 
league baseball pitcher would play without a pitching coach and warm-up time in 
the bullpen, no singer should try to build a career without a singing teacher and 
appropriate strength and agility exercises. This approach has proved palatable and 
effective. Physicians also should be aware of the difference between a voice teacher 
and a voice coach. 

A voice teacher trains a singer in singing technique and is essential. A voice 
coach is responsible for teaching songs, interpretation, language, diction, style, 
operatic roles, and so on, but is not responsible for exercise and basic technical 
development of the voice. 


4.6.3 Acting-Voice Trainer 


The use of acting-voice trainers (drama voice coaches) as members of the medical 
team is relatively new [2]. This addition to the team has been extremely valuable to 
patients and other team members. Like singing voice specialists, professionals with 
education in theatre arts use numerous vocal and body movement techniques that 
not only enhance physical function but also release tension and break down emo- 
tional barriers that may impede voice function. Tearful revelations to the acting- 
voice trainer are not uncommon; and, like the singing teacher, this individual may 
identify psychological and emotional problems that interfere with professional suc- 
cess and have been skillfully hidden from other professionals on the voice team and 
in the patient’s life. 


4.6.4 Others 


A psychologist, psychiatrist, neurologist, pulmonologist, endocrinologist, gastroen- 
terologist, and others with special interest and expertise in arts-medicine are also 
invaluable to the voice team. Every comprehensive center should seek out such 
people and collaborate with them, even if they are not full-time members of the 
voice team. 
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4.7 Surgery 


A detailed discussion of laryngeal surgery is beyond the scope of this chapter and 
may be found elsewhere [2, 112]. However, a few points are worthy of special 
emphasis. Surgery for vocal nodules should be avoided whenever possible and 
should almost never be performed without an adequate trial of expert voice therapy, 
including patient compliance with therapeutic suggestions. A minimum of 
6-12 weeks of observation should be allowed while the patient is using therapeuti- 
cally modified voice techniques under the supervision of a speech-language pathol- 
ogist and ideally a singing voice specialist. Proper voice use rather than voice rest 
(silence) is correct therapy. The surgeon should not perform surgery prematurely for 
vocal nodules under pressure from the patient for a “quick cure” and early return to 
performance. Permanent destruction of voice quality is a very real potential 
complication. 

Even after expert surgery, voice quality may be diminished by submucosal scar- 
ring, resulting in an adynamic segment along the vibratory margin of the vocal fold. 
This situation produces a hoarse voice with vocal folds that appear normal on indi- 
rect examination under routine light, although under stroboscopic light, the ady- 
namic segment is obvious. No reliable cure exists for this complication. Even large, 
apparently fibrotic nodules of long standing should be given a chance to resolve 
without surgery. In some cases, the nodules remain but become asymptomatic, and 
voice quality is normal. Stroboscopy in such patients usually reveals that the nod- 
ules are on the superior surface rather than the leading edge of the vocal folds during 
proper, relaxed phonation (although they may be on the contact surface and symp- 
tomatic when hyperfunctional voice technique is used and the larynx is forced down). 

When surgery is indicated for vocal fold lesions, it should be limited as strictly 
as possible to the area of abnormality. Virtually no place exists for “vocal fold strip- 
ping” in patients with benign disease. Submucosal resection through a laryngeal 
microflap used to be advocated. The technique was introduced and first published 
by the author (RTS). Microflap technique involved an incision on the superior sur- 
face of the vocal fold, submucosal resection, and preservation of the mucosa along 
the leading edge of the vocal fold. The concept that led to this innovation was based 
on the idea that the intermediate layer of the lamina propria should be protected to 
prevent fibroblast proliferation. Consequently, it seemed reasonable to preserve the 
mucosa as a biologic dressing. This technique certainly produced better results than 
vocal fold stripping. However, close scrutiny of outcomes revealed a small number 
of cases with poor results and stiffness beyond the limits of the original pathology. 
Consequently, the technique was abandoned in favor of a new technique called min- 
imicroflap, or a method of local resection strictly limited to the region of pathology 
[113]. Lesions such as vocal nodules should be removed to a level even with the 
vibratory margin rather than deeply into the submucosa. This minimizes scarring 
and optimizes chances for return to good vocal function. Naturally, if concern about 
a serious neoplasm exists, proper treatment takes precedence over voice preserva- 
tion. Surgery should be performed under microscopic control. Preoperative and 
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postoperative objective voice measures are essential to allow outcome assessment 
and self-critique. Only through such study can we improve surgical technique. 
Outcome studies are especially important in voice surgery as all our technical pro- 
nouncements are anecdotal because there is no experimental model for vocal fold 
surgery. The human adult is the only species with our complex, layered lamina 
propria. 

Lasers are an invaluable adjunct in the laryngologists’ armamentarium, but they 
must be used knowledgeably and with care. Considerable early evidence suggested 
that healing time was prolonged and the incidence of adynamic segment formation 
was higher with the laser on the vibratory margin than with traditional instruments. 
Two early studies raised serious concerns about dysphonia after laser surgery [114, 
115]. Such complications may result from using too low a wattage causing dissipa- 
tion of heat deeply into the vocal fold; thus, high power density for short duration 
has been recommended. Small spot size is also helpful. More recent experience has 
shown that expert laser surgery on the vibratory margin can produce excellent 
results. Nevertheless, many laryngologists caring for voice professionals avoid laser 
surgery to eliminate the risk of thermal injury to the vocal ligament. If a laser is used 
when biopsy specimens are needed, they should be taken before vaporizing the 
lesion with a laser. If a lesion is to be removed from the leading edge, the laser beam 
should be centered in the lesion, rather than on the vibratory margin, so that the 
beam does not create a divot in the vocal fold. The CO, laser used to be used for 
cauterizing isolated blood vessels responsible for recurrent hemorrhage or other 
problems, and it still is used occasionally. At the suggestion of Jean Abitbol, MD, 
the author (RTS) has placed a small piece of ice on the vocal fold immediately 
before CO, laser use to help dissipate the heat and help prevent edema (personal 
communication, 1983). No studies on the efficacy of this maneuver exist, but the 
technique appears helpful. 

Such vessels are often found at the base of a hemorrhagic polyp. Vascular lasers 
are better than CO, lasers for management of these lesions and other vascular abnor- 
malities. They include the 532 nm KTP (Nd-YAG) laser and the 445 nm Blue Laser. 

Voice rest after vocal fold surgery is controversial. Although some laryngologists 
do not recognize its necessity at all, many physicians recommend voice rest for 
approximately 1 week or until the mucosal surface has healed. Even after surgery, 
silence for more than 7—10 days is nearly never necessary and represents a real hard- 
ship for many patients. 

Too often, the laryngologist is confronted with a desperate patient whose voice 
has been “ruined” by vocal fold surgery, recurrent or superior laryngeal nerve paral- 
ysis, trauma, or some other tragedy. Occasionally, the cause is as straightforward as 
a dislocated arytenoid that can be reduced [116, 117]. However, if the problem is an 
avulsed vocal process, an adynamic segment, decreased bulk of one vocal fold after 
“stripping,” bowing caused by superior laryngeal nerve paralysis, or some other 
complication in a mobile vocal fold, great conservatism should be exercised. None 
of the available surgical procedures for these conditions is effective consistently. If 
surgery is considered, the procedure and prognosis should be explained to the 
patient realistically and pessimistically. The patient must understand that the 
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chances of returning the voice to professional quality are very slim and that it might 
be made worse. Nevertheless, procedures for vocal fold scar have improved, and 
surgery is often possible (including vocal fold injection and other procedures) to at 
least decrease the severity of dysphonia and to lessen vocal effort. 

Occasionally, voice professionals inquire about surgery for pitch alteration. Such 
procedures have been successful in specially selected patients (such as those under- 
going gender modification surgery), but they do not consistently provide good 
enough voice quality and range to be performed on a professional voice user in most 
situations. 


4.8 Discretion 


The excitement and glamour associated with caring for voice patients, particularly 
famous performers, naturally tempt the physician to talk about a distinguished 
patient. However, this tendency must be tempered. Having it known that he or she 
has consulted a laryngologist, particularly for treatment of a significant vocal prob- 
lem, is not always in a voice professional’s best interest. Famous singers, actors, 
politicians, and other professional voice users are entitled ethically and legally to 
the same confidentiality we ensure for our other patients. 


4.9 Voice Maintenance 


Prevention of voice dysfunction should be the goal of all professionals involved in 
the care of professional voice users. Good vocal health habits should be encouraged 
in childhood. Screaming, particularly outdoors at athletic events, should be discour- 
aged. Promising young singers who join choirs should be educated to compensate 
for the Lombard effect. The youngster interested in singing, acting, debating, or 
other vocal activities should receive enough training to prevent voice abuse and 
should receive enthusiastic support for performing works and activities suitable for 
his or her age and voice. Training should be continued during or after puberty, and 
the voice should be allowed to develop naturally without pressure to perform opera- 
tive roles prematurely. Young instrumentalists should be managed with similar care, 
as discussed in this chapter. 

Excellent regular training and practice are essential, and avoidance of irritants, 
particularly smoke, should be stressed early. Educating voice professionals and 
wind instrumentalists about hormonal and anatomic alterations that may influence 
the voice allows them to recognize and analyze voice dysfunction, compensating for 
it intelligently when it occurs. The body is dynamic, changing over a lifetime, and 
the voice is no exception. Continued voice education, training, and monitoring are 
necessary throughout a lifetime, even in the most successful and well-established 
voice professionals and instrumental musicians. Voice problems even in premiere 
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singers commonly are caused by cessation of lessons, excessive schedule demands, 
and other correctable problems, rather than by irreversible alterations of aging. 
Anatomic, physiologic, and serious medical problems may affect the voices of 
patients of any age. Cooperation among the laryngologist, speech-language pathol- 
ogist, acting teacher, voice specialist and music teacher and singing teacher pro- 
vides an optimal environment for cultivation and protection of the vocal artist and 
for voice presentation in wind instrumentalists. 


Acknowledgment Modified in part from Sataloff RT. Professional voice: the science and art of 
clinical care. 4th ed. San Diego: Plural Publishing, Inc; 2017; with permission. 
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Part II 
In-Office Surgery 


Chapter 5 ® 
In-Office Voice Surgery: Basic Principles, gss 
Patient Selection, Safety, and Tolerance 


5.1 Introduction 


Endoscopic surgery may be performed in the operating room (OR) or in an office set- 
ting. External (transcervical) laryngeal surgery usually is performed in an OR. To pro- 
vide optimal care, laryngologists must be familiar with the latest techniques in both 
approaches. Modern microsurgery of the voice is referred to widely as phonosurgery, 
although von Leden introduced that term originally in 1963 for procedures designed to 
alter vocal quality or pitch [1]. Voice surgery is a better term for delicate, precise laryn- 
geal surgery, although phonomicrosurgery is used widely, as well. Usually, voice sur- 
gery is performed using a microscope, small, modern instruments, and with great respect 
for the induplicable anatomic complexity of the vibratory margin of the vocal fold. 
Similar precision can be achieved in an office setting for many procedures, using special 
instruments designed for in-office microsurgery such as those illustrated in Fig. 5.1. 


Fig. 5.1 Selected indirect 
laryngeal surgical 
instruments designed by 
the author (RTS). 
Manufactured by Integra 
LifeSciences (Princeton, 
NJ, USA) 
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Most surgical procedures for voice disorders can be performed endoscopically, 
obviating the need for external incisions and minimizing the amount of tissue dis- 
ruption. Although endoscopic microsurgery seems intuitively more “conservative,” 
this supposition holds true only when the equipment provides good exposure of the 
surgical site and the abnormality can be treated meticulously and thoroughly with 
endoscopic instruments. When endoscopic visualization is not adequate because of 
patient anatomy, disease extent, or other factors, the surgeon should not compro- 
mise the results of treatment or risk patient injury by attempting to complete an 
endoscopic procedure in the office or in the OR. In such patients, it may be safer to 
leave selected benign lesions untreated or to treat the pathology through an external 
approach. 

For a more comprehensive discussion of voice surgery, the reader is referred to 
other literature by Sataloff [2], a small portion of which has been modified in part 
for this chapter (with permission). 


5.2 Patient Selection and Consent 


Prior to performing voice surgery, it is essential to be certain that patient selection 
is appropriate, and that the patient understands the limits and potential complica- 
tions of the surgery. Appropriate patients for voice surgery not only have voice 
abnormalities, but also really want to change their voice quality, effort, and/or 
endurance. Not all people with “pathological” voices are unhappy with them. Sports 
announcers, female trial attorneys with gruff, masculine voices, and others some- 
times consult a physician only because of fear of cancer. If there is no suspicion of 
malignancy, restoring their voices to “normal” (e.g., by evacuating Reinke’s edema) 
may be a disservice and might even jeopardize their careers. Similarly, it is essential 
to distinguish accurately between organic and functional or psychogenic voice dis- 
orders before embarking on laryngeal surgery. Although a breathy voice may be 
caused by numerous organic conditions including vocal fold paralysis, it is also 
found commonly in people with psychogenic dysphonia. The differentiation may 
require a very skilled voice team. Although all reasonable efforts should be made to 
avoid operative intervention in professional voice users, particularly singers, there 
are times when surgery is appropriate and necessary. Ultimately, the decision 
depends on a risk-benefit analysis. If a professional voice user is unable to continue 
adequately his or her career, and if surgery might restore vocal function, surgery 
should not be withheld. Sometimes, making such judgments can be challenging. A 
rock or pop singer with a mild paresis may have satisfactory voice quality with only 
minimal technical adjustments needed. Pop singers perform with amplification, 
obviating the need to sing loudly and project the voice in some cases (depending on 
the artist’s style). Such a patient might be able to “work around” pathology safely 
for many years. However, even much more minor pathology can be disabling in 
some classical singers. For example, if a high soprano specializing in Baroque 
music develops a mild-to-moderate superior laryngeal nerve paresis, she may 
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experience breathiness and instability. If she gives in to the temptation to compen- 
sate by slightly retracting her tongue and lowering her larynx, the breathiness will 
be controlled because of increased adductory forces, but she will lose the ability to 
perform rapid, agile runs and trills. Similar problems may occur from compensatory 
maladjustments in response to other benign lesions such as vocal fold cysts. In such 
instances, the artist may be served better by surgical correction of the underlying 
problem than by long-term use of hyperfunctional compensation (bad technique) 
that can itself cause other performance problems, as well as additional vocal fold 
pathology. The patient must understand all of these considerations clearly, including 
the risks of surgery. He or she needs to acknowledge the risk that any voice surgery 
may make the voice worse permanently even in the best of hands, and the patient 
must consider that risk acceptable in light of ongoing voice problems. 

Other complications also must be discussed including (among others) complica- 
tions of anesthesia, dental fracture, recurrence of laryngeal lesions, airway compro- 
mise, vocal fold web formation, and other untoward occurrences. In addition to the 
standard surgical consent, the author (RTS) provides patients with additional writ- 
ten information prior to surgery. The patient keeps one copy of the “Risks and 
Complications of Surgery” document, and the original signed copy remains in the 
chart. Specialized informed consent documents are used by the author (RTS) for 
other selected treatments such as injection of Cidofovir (Gilead Sciences, Inc. 
Foster City, California), and injection of botulinum toxin, even though such docu- 
ments are not really required. If medications are used for treatment purposes (as 
opposed to research purposes) and are off-label uses of medicines approved by the 
United States Food and Drug Administration (FDA) for other purposes, their use 
does not require institutional review board (IRB) approval. However, it may be 
helpful and prudent to provide patients with as much information as possible and to 
document that they have been so informed. Our standard patient forms mention off- 
label medication use. 

It is helpful for the laryngologist, speech-language pathologist, singing voice 
specialist, and patient to involve the patient’s singing teacher in the surgery decision- 
making process. Everyone must understand not only the risks of surgery, but also 
the risks involved in deciding against surgery and relying upon technical maladjust- 
ments. In many cases, there is no “good” or “right” choice, and the voice care team 
must combine great expertise with insight into the career and concerns of each 
individual patient to help voice patients and especially voice professionals make the 
best decision. 


5.3 Documentation 


Preoperative objective voice assessment and documentation are invaluable in addi- 
tion to routine documentation of informed consent discussions. As a bare minimum, 
a high-quality recording of the patient’s voice should be made before surgery. 
Auditory memories of physicians and patients often are not good, and both the 
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doctor and postoperative voice user are surprised frequently when they compare 
postoperative and preoperative recordings. Frequently, the preoperative voice is 
worse than either person remembers. In addition, such documentation is invaluable 
for medical-legal purposes. Photographs or videos of the larynx obtained during 
strobovideolaryngoscopy are extremely helpful. Ideally, complete objective labora- 
tory voice assessment and evaluation by a voice team should be performed. Proper 
documentation is critical for assessing outcomes, even for the physician who is not 
interested in research or publication. 


5.4 Timing of Voice Surgery 


The timing of voice surgery is important and can be particularly challenging in 
professionals with demanding voice commitments. Many factors need to be consid- 
ered including the menstrual cycle, pre- and postoperative voice therapy, concurrent 
medical conditions, psychological state, professional voice commitments, 
and others. 

Hormonal considerations may be important, especially in female patients with 
symptomatic laryngopathia premenstrualis. In patients who have obvious premen- 
strual vocal fold vascular engorgement, or those who have a history of premenstrual 
vocal fold hemorrhages, it might be better to avoid elective surgery during the pre- 
menstrual period unless the surgery is intended to treat vessels that have hemor- 
rhaged and that are prominent only prior to menses. In patients with conditions 
other than vascular lesions who have premenstrual symptoms and signs, it may be 
best to perform surgery between approximately days 4 and 21 of the menstrual 
cycle. Although it appears unnecessary to time surgery in this way for all patients, 
the issue has not been studied fully. 

Timing of surgery with regard to voice therapy and performance commitments 
can be especially difficult in busy voice professionals. The surgeon must be careful 
to avoid letting the patient’s professional commitments and pressures dictate inap- 
propriate surgery or surgical timing that is not in the patient’s long-term best inter- 
est. For example, some professional voice users will push for early surgery for vocal 
nodules and promise to appear for voice therapy later, after a busy concert season 
ends. This is not appropriate because therapy may cure the nodules and avoid surgi- 
cal risks altogether. However, professional commitments often require that appro- 
priate surgery be delayed until a series of concerts, the run of a play, a school year, 
political election, or other professional voice obligation is completed. In treating 
vocal fold cysts, polyps, paresis, and other conditions, such delays are often reason- 
able. They are made safer through ongoing voice therapy and close laryngologic 
supervision. Sometimes individualized treatments may help temporize. For exam- 
ple, injection of a temporary medialization material in the office or OR can provide 
temporary relief from symptoms, although the glottic incompetence is likely to 
return and require definitive surgery eventually. Injection of steroids into a cyst also 
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may prove effective and might avoid the need for prolonged voice rest that may be 
required after excision. 

At least a brief period of preoperative voice therapy is helpful, and the author 
(RTS) virtually never operates on benign vocal fold pathology or paresis without 
expert preoperative voice therapy. Even when therapy cannot cure a lesion, it ame- 
liorates the abuses caused by compensatory hyperfunction, and good preoperative 
therapy is the best postoperative voice therapy. It is also invaluable in educating the 
patient about vocal function and dysfunction and in making sure that he or she is 
informed fully about surgery and other options. Following surgery, voice therapy 
is medically necessary for many conditions. It is extremely important for optimal, 
long-term surgical outcome to time surgery so that the patient will be able to com- 
ply with postoperative voice rest and postoperative rehabilitation with the 
voice team. 

Many other conditions must be considered when deciding the timing of voice 
surgery. Concurrent medical conditions such as allergies that produce extensive 
coughing or sneezing (which may injure vocal folds following surgery), a coagu- 
lopathy (even temporary coagulopathy from aspirin use), and other physical factors 
may be important contributors to voice results. Psychological factors should be 
considered, as well. The patient must not only understand the risks and complica- 
tions of surgery, but also be as psychologically prepared as possible to accept them 
and to commit to the therapeutic and rehabilitation process. Sometimes, psycho- 
logical preparation requires a delay in surgical scheduling to allow increased time 
for the patient to work with the voice team and, in some cases, a psychological 
professional [3]. There are very few indications for benign voice surgery that con- 
traindicate a delay of several weeks. It is generally worth taking the time to opti- 
mize the patient’s comfort and preparedness. Indeed, in the author’s (RTS) opinion, 
the patient is the most important part of the voice rehabilitation team. Realistic, 
committed collaboration by the patient is invaluable in achieving consistent, excel- 
lent surgical results. 


5.5 Indirect Laryngoscopy 


Laryngoscopic surgery generally is performed through direct laryngoscopy, as dis- 
cussed elsewhere [2]. However, indirect laryngoscopic surgery has been performed 
for many years and still has value especially since technology has improved. It 
permits biopsy of lesions under local anesthesia, removal of selected foreign bodies, 
fairly meticulous resection of selected lesions using indirect laryngoscopic instru- 
ments, injection of fat, collagen and other substances, and other procedures. In 
patients whose necks will not flex or extend enough to permit rigid direct laryngos- 
copy (cervical arthritis, fracture, fusion), indirect laryngoscopic surgery may pro- 
vide a safe alternative to external surgery. 
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For indirect laryngoscopic surgery, usually the patient is seated. Topical anesthe- 
sia is applied and may be augmented by regional blocks. The larynx is visualized 
either with a laryngeal mirror, laryngeal telescope, or flexible laryngoscope. The 
author (RTS) uses a flexible laryngoscope in nearly all cases, with an assistant man- 
aging the laryngoscope. When surgery is performed solely for injection (e.g., fat, 
collagen, or steroid), either an external or transoral technique may be used. External 
injection may be performed by passing the needle through the cricothyroid mem- 
brane and into the desired position in the vocal fold, through the thyroid lamina 
usually near the midpoint of the musculomembranous vocal fold about 7-9 mm 
above the inferior border of the thyroid cartilage, or through the thyrohyoid mem- 
brane. Transoral injection has been used most commonly, and the transoral tech- 
nique is suitable also for biopsy and other procedures. Assistance usually is required 
for flexible laryngoscopic guidance. If a flexible laryngoscope is not used, the pro- 
cedure can be monitored with indirect laryngoscopy. The patient’s tongue is held 
with gauze, as for routine indirect laryngoscopy. Cooperative patients may be asked 
to hold the tongue themselves. This allows the surgeon to operate using both hands, 
but surgery can be performed safely even with a laryngeal mirror (Fig. 5.2) or tele- 
scope if no assistant available. If videolaryngoscopy is used during the procedure, 
and if the examination room has a second monitor behind the surgeon for the patient, 
the power is turned off during indirect surgical procedures. Angled instruments 
designed specifically for indirect laryngoscopic surgery are passed through the 
mouth and guided visually. Only a surgeon who is skilled in the necessary maneu- 
vers should perform in-office procedures. The advantages of this technique include 
relatively easy access in anyone whose larynx can be visualized with a mirror or 
telescope, avoidance of the need for an OR procedure, and ready availability when 
delays in getting to a hospital and waiting for an OR might cause serious problems 
(e.g., a chicken bone or other foreign body perched above the laryngeal inlet). 
However, the procedure also has distinct disadvantages. Precise control is not as 
good as that accomplished with microlaryngoscopy under sedation or general anes- 
thesia with paralysis, intraoperative loss of patient cooperation may result in injury, 
and the ability to handle complications such as bleeding and edema is limited. 
Nevertheless, an in-office, awake approach can be invaluable, and it should be in the 
armamentarium of the laryngological surgeon. In selected cases, we have found in- 
office surgery useful for suture removal, biopsy, resection of lesions (especially if 
the lesion is on the superior surface, or if the vocal fold edge is already scarred and 
perfect precision is less critical than it would be in the vibrating vocal fold of a voice 
professional), steroid injection into evolving vocal fold scar, augmentation, lysis of 
webs reforming early following surgery, CO, and vascular laser treatment, injection 
augmentation, arytenoid palpation, vocal process palpation, laryngeal dilatation, 
and other procedures. 
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Fig. 5.2 (a) If an assistant is not available, after topical anesthesia has been applied at the patient, 
the patient firmly holds his or her tongue extended, while a mirror or laryngeal telescope and indi- 
rect instrument are positioned. (b) The patient may be instructed to phonate or breathe as the 
indirect surgery is performed. (Republished with permission. Sataloff et al. [80]) 
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5.6 Safety of In-Office Procedures 


The safety and efficacy of in-office procedures have been studied in comparison 
with similar procedures under general anesthesia [4, 5]. New policies for hospital 
inpatient management along with economic forces to reduce health care costs have 
made office-based procedures attractive alternatives [6]. 

The most common laryngology procedures performed in the office are safe and 
that the risk of a complication is minimal [4, 5, 7-10]. Despite the overwhelming 
safety of those procedures, complications have been reported, as reviewed by Ziade 
et al. [11]. Local and systemic allergic reactions, laryngeal edema, bleeding with 
subsequent airway obstruction, and mechanical and thermal tissue injuries have 
been described [12—18]. Otolaryngologists establish protocols to minimize harm to 
patients and to the surgeon. Response systems should be in place for when adverse 
events occur. The procedure room should be in an area accessible to emergency 
equipment, and the office staff to respond to an emergency [19]. 

As stated above, preoperative assessment should occur when evaluating and pre- 
paring a patient for an in-office procedure just as one would do for surgery sched- 
uled in the OR. Appropriate patient selection remains critical in order to minimize 
risk and to improve outcomes with office-based procedures. 

Allergy to the product being considered for vocal fold injection usually is an 
absolute contraindication to its use. Relative contraindications may be anatomic or 
physiologic in nature. For example, multiple severe, medical, comorbidities, espe- 
cially those affecting cardiac and pulmonary function, are relative contraindications 
for in-office procedures. While they might seem to suggest that in-office surgery is 
preferable to a procedure in the OR, the in-office surgery experience can be stress- 
ful; and in-office monitoring and emergency response resources are generally supe- 
rior in an OR setting. Other relative contraindications include difficult access to 
relevant anatomy for the planned procedure, the presence of other laryngopharyn- 
geal pathologies that cannot be addressed concomitantly with an awake, office- 
based approach or that might affect the outcome of the procedure, and any medical 
condition that increases the risk of airway compromise, such as bleeding in patients 
on anticoagulation therapy [19]. In addition, a patient who does not tolerate flexible 
nasolaryngoscopy or rigid strobovideolaryngoscopy is unlikely to be able to coop- 
erate sufficiently during an in-office vocal fold procedure, especially one more com- 
plex than an injection. 

With the growing geriatric population in the United States, increasing consider- 
ation is being given to whether these patients are appropriate candidates for in- 
office procedures versus having the same procedure completed in an outpatient 
surgery center or in a hospital OR. As noted above, one cannot assume that any 
procedure with topical and/or local anesthesia in the office is “safer” than an equiva- 
lent procedure completed in the OR under sedation or general anesthesia. While this 
may be true for many patients, various factors must be considered. 
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5.6.1 Anesthesia Considerations 


In the OR, the anesthesiologist can titrate the anesthetic or sedative agent(s) based 
on patient comfort, vital sign parameters, and the needs of the surgeon. 

In some cases, topical/local anesthesia can pose more risk for airway compro- 
mise than general anesthesia with an endotracheal tube. Examples might include 
patients having difficulty managing their secretions, patients with increased risk of 
bleeding, and some patients with an airway foreign body. 

The characteristics of the setting in which the procedure is to be performed can 
help the surgeon to decide on the appropriate facility. The availability of resources 
and personnel can vary greatly depending on the setting in which the procedure is 
being performed, and hospital ORs often are able to respond to emergencies faster 
and more comprehensively than physician offices. 

There are patients who do better with in-office procedures because of the severity 
of their comorbid medical conditions such as ASA category 3 or 4, which can pre- 
clude a safe elective laryngeal procedure under general anesthesia in some patients 
[20]. A debilitating medical condition is not an absolute contraindication for office- 
based laryngeal procedures; however, any patient considered high risk for an OR 
procedure should be treated as high risk during office-based procedures. In general, 
patients considering in-office surgery should be considered for the same preopera- 
tive evaluations and medical clearances that they would need for surgery in the OR. 

Assessment often includes vital signs; and a period of postprocedure monitoring 
often is appropriate [21, 22]. Rubin et al. have recommended that pulse oximetry, 
cardiac monitoring, and an intravenous access set should be ready for use at any 
time [19]. A “time-out” checklist should be completed prior to the procedure includ- 
ing confirmation of patient identifiers, patient allergies, procedure name, site and 
side of the procedure if applicable, confirmation that the consent form was com- 
pleted and signed, and confirmation that all equipment, instruments, and medica- 
tions are available. 


5.6.2 Performance of Procedure 


The successful completion of an in-office laryngologic procedure depends on pre- 
procedure education of the patient, team support during the procedure, and expedi- 
tious surgery. Particularly when working during the limited effective time of topical 
and local anesthetics, efficiency is necessary. As the anesthetic begins to wear off, 
so may the cooperation of the patient. If the maximum dose of anesthetic already 
has been given, then the procedure may have to be terminated. If a procedure is 
expected to take longer than the usual duration of the topical anesthetic, performing 
it in the office may not be the best option. 
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5.6.3 Recovery 


The amount of time that the patient spends in the office immediately following a 
procedure varies depending on the surgeon’s practice, the patient’s clinical status, 
and the procedure. With the risk of severe, early allergic reactions being exceed- 
ingly low for vocal fold injection using materials available currently, extended post- 
procedure observation usually is not necessary. In some cases, the patient should be 
advised to stay with a responsible adult for the first 24 h. Concerning signs and 
symptoms should be communicated to the patient and family/caregiver when pos- 
sible, and the patient should be instructed to call the office or 9-1-1 (or the equiva- 
lent outside the United States) if an emergency occurs. 


5.6.4 Equipment 


The safety of equipment requires attention. Although some guidelines state that the 
risk of infection transmission from reprocessed medical devices such as endoscopes 
is very low (around one infection per 1.8 million endoscopic procedures), there is a 
higher transmission rate during outbreaks of infections such as influenza, and it is 
often overlooked [23, 24]. 

CDC Guidelines for equipment cleaning and sterilization may be followed and 
can be found online for various instruments and equipment (www.cdc.gov). 
According to the Spaulding classification of medical devices, flexible laryngoscopes 
are considered “semi-critical” medical devices, and high-level disinfection is rec- 
ommended since they contact the nasopharyngeal mucosa without penetration [25]. 
They require manual cleaning, leak testing, cleaning with an enzymatic agent, high- 
level disinfection, and drying with vertical storage. Available methods for achieving 
high-level disinfection are (1) manual disinfection with a liquid disinfectant/steril- 
ant used according to the set of instructions specified by the endoscope manufac- 
turer, (2) an automated endoscope reprocessor, and (3) a disposable sheath [26-28]. 
Scopes should be cleaned thoroughly after they have been disinfected because some 
patients may be allergic to residual traces of disinfectant left inadvertently on an 
endoscope. 

High-level disinfection destroys all microorganisms except for high numbers 
of bacterial spores. Heat-automated pasteurization (65-77 °C) over a period of 
30 min can be used for heat-tolerant operative endoscopes and accessories. Liquid 
immersion in chemical sterilants [29-33] should be used for heat-sensitive endo- 
scopes and accessories. Reprocessing procedures for each type of endoscope 
should be based on the medical device manufacturer’s instructions for use. Annual 
infection control audits may help ensure adherence to the reprocessing standards 
and policies [31]. 

To avoid the transmission of infection between patients, considerations should 
include the parts of the device that were contaminated indirectly either during or 
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after the examination [32]. Portions of the laryngoscope including the handle, eye- 
piece, and light cord can harbor organisms; therefore, these surfaces should be 
cleaned after use [32, 33]. 


5.7 In-Office Injection 


A literature review on the safety of in-office injection laryngoplasty was completed 
using PubMed/Medline databases with the search terms “injection,” “laryngo- 
plasty,” “vocal fold/vocal cord,” “medialization,” “safe,” “safety,” “in-office/office- 
based,” and “complications.” In total, 47 articles in English were identified from 
1990 until January 2015 [11]. 

Injection laryngoplasty is one of the most commonly performed office-based 
laryngeal surgeries, and its indications have expanded to include treatment for vocal 
fold paralysis, paresis, atrophy, scar, and sulcus [7], as well as other procedures. It 
is discussed in greater detail elsewhere in this book. 

Vocal fold injections have proven to be safe and effective [34, 35], but many case 
series and retrospective reviews have shown that the materials used and the proce- 
dure itself can lead to minor, or even serious, complications. Sulica et al. reviewed 
460 in-office vocal fold injections using different techniques and injectable materi- 
als. Despite the overwhelming safety profile of vocal fold injections, they reported 
a case of vasovagal reaction and cases complicated by airway problems [21]. Zielke 
et al. concluded that adverse reactions can occur for all commercially available 
injectable materials. They found that the time interval between injection and the 
reaction, as well as the type of reaction, vary between different products [36]. For 
instance, hyaluronic acid can have local severe skin hypersensitivity and granulo- 
matous reactions at the injection site when used for cosmetic reasons [37, 38]. 
Similar reactions can occur in the larynx. Also, cases of atrial fibrillation in a patient 
with underlying cardiac disease, airway inflammation, edema, hematoma, ulcer- 
ation, and necrosis with subsequent airway obstruction were reported with the use 
of hyaluronic acid in laryngeal injections [12, 21, 39]. Anderson and Sataloff 
reported two cases of localized superficial lamina propria deposits of collagen after 
an injection laryngoplasty, and both patients were taken to the OR in order to remove 
the material [13]. A case of laryngeal abscess following injection laryngoplasty was 
reported by Zapanta et al. [40]. DeFatta et al. reported on 22 vocal fold injections 
using calcium hydroxylapatite in 16 patients resulting in 10 major complications 
including adynamic mucosa, severely decreased mucosal wave, and granulomas 
affecting the vibratory margin [41]. Furthermore, one case of severe laryngeal 
bleeding followed by pulmonary complications and death has been reported in the 
literature [14]. 

Rarely, unpredictable and unexpected complications may occur that may be 
challenging to manage in an office setting, such as breaking a laryngeal needle dur- 
ing indirect injection (Fig. 5.3) [42]. The laryngologist and office staff should be 
prepared to manage any eventuality. 
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Th Besa ity 


Fig. 5.3 This 20-year-old female underwent superficial dexamethasone injection for vocal fold 
stiffness approximately 2 weeks following resection of a vocal fold cyst. The injection went well, 
and good hydrodissection was accomplished. No unusual mechanical resistance was encountered. 
However, as the instrument was being removed, the tip of the injection needle broke off and lodged 
across the vocal folds, as illustrated. Although indirect alligator forceps were in the room, she had 
coughed and swallowed the foreign body before it could be retrieved. It passed without incident. 
(Republished with permission. Sataloff [81]) 


When considering a permanent augmentation, a trial vocal fold injection using a 
temporary material can be performed safely in the office [43]. In the author’s (RTS) 
experience, when there is concern about potential airway compromise resulting 
from an in-office injection, it should either be done in the OR, or a trial saline in- 
office injection should be considered. The saline can be titrated to achieve optimal 
effect, but much of it will resorb within several hours, although effects occasionally 
last as long as 2 weeks. So, even saline injection should be performed and with cau- 
tion. This trial injection allows the patient and surgeon to determine whether a 
longer-lasting injection or permanent medialization would result in a comfortable 
airway for the patient. 

Botulinum toxin injection into the laryngeal muscles is carried out in the office 
setting most often for the treatment of laryngeal dystonias such as spasmodic dys- 
phonia and tremor, as discussed in Chap. 9 [44, 45]. Botulinum toxin injections can 
result in complications related to technique or to effects on the muscles injected. 
Bilateral abductor paralysis resulting in airway obstruction may occur following 
bilateral injections for abductor spasmodic dysphonia. A rare case of abductor 
paralysis was reported following bilateral injection for adductor spasmodic dyspho- 
nia [46]. Botulinum toxin injection for abductor spasmodic dysphonia typically is 
done by many surgeons on one side at a time to avoid this complication. Rarely, 
botulinum toxin injected unilaterally can affect the contralateral posterior cricoary- 
tenoid muscle inadvertently, resulting in temporary, bilateral abductor paralysis. 
Exposure of the cricopharyngeus muscle to botulinum toxin can result in dysphagia. 
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5.8 Injection of Substances Other Than Botulinum Toxin 


Care should be taken not to inject superficially in the subepithelial plane, unless 
attempting hydrodissection for scar or to elevate a mass, too deep (inferiorly) caus- 
ing infraglottic protrusion and increasing phonation threshold pressures in some 
cases, or to overinject an already compromised airway [34]. For medializations, the 
needle should be inserted at a slight angle to improve retention of the injected 
material. Some authors believe that 3 days of strict voice rest (including refraining 
from heavy lifting, straining, cough, and throat clearing) after the procedure will 
reduce the risk of extrusion, although others including the author (RTS) usually 
recommend voice rest for only 1—2 days. There is no convincing evidence to sup- 
port either recommendation. Vocal fold injection is discussed in greater detail in 
Chap. 8. 


5.9 In-Office Biopsy 


A literature review on the safety of in-office laryngeal biopsy was completed using 
PubMed/Medline databases with the search terms: “laryngeal,” “larynx,” “vocal 
fold/vocal cord,” “in-office/office-based,” “‘safe,” “safety,” “biopsy,” and “complica- 
tions.” In total, six articles in English were identified from 1990 until January 2015 
[11]. This topic is revisited in greater detail in Chap. 12. 

Advances in technology have allowed otolaryngologists to perform biopsies of 
the upper aerodigestive tract in the office safely, usually without the need for cardio- 
pulmonary monitoring [8, 47, 48]. An important advantage is the ability to obtain a 
tissue diagnosis without going to the OR in many cases, which can reduce the time 
to diagnosis and treatment, avoid general anesthesia risks, and reduce health care 
costs [11]. 

Cohen et al. performed 102 in-office vocal fold biopsies, and the tissue was 
determined to be adequate for pathological studies in 96 patients (94.1%) [48]. 
The sensitivity of in-office biopsy ranges between 69.2% and 81.1%, while the 
specificity ranges between 96.1% and 100% [48, 49]. Lippert et al. reported a 
diagnosis rate of 83% for laryngopharyngeal biopsies obtained transnasally or 
transorally in the office [8]. Two of 116 patients did not tolerate the in-office 
procedure, and there were no complications reported. Time to treatment was 
reduced from an average of 48.8 days without successful in-office biopsy to 
24.2 days with successful biopsy. Risk of bleeding following in-office laryngeal 
biopsy was investigated by Naidu et al. They performed 11 in-office vocal fold 
biopsies and concluded that mild bleeding after each procedure was common and 
self-limited, and no serious complications were encountered in any of the reported 
cases [50]. 
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5.10 In-Office Laser Surgery 


A literature review on the safety of in-office lasers for laryngeal pathology was 
completed using PubMed/Medline databases with the search terms: “in- 
office’’/“office-based,” “laser,” “vocal cord/vocal fold,” “larynx/laryngeal,” “safe/ 
safety,” and “complications.” In total, 40 articles in English were identified from 
1995 until January 2015 [11]. This subject is addressed in Chap. 10. 

Laser treatment is an integral component of the laryngologist’s in-office arma- 
mentarium. In-office laser procedures can be carried out transnasally with the 
advantage of having an unobstructed view of the operative field with minimal tissue 
manipulation [51]. Lasers have been used safely to treat leukoplakia, localized 
laryngeal cancers, papillomas, small polyps, webs, ectasias, varices, and Reinke’s 
edema successfully [52, 53]. Compared to cold knife surgery, lasers have been asso- 
ciated with improved hemostasis during the procedure and a decreased risk of post- 
operative bleeding [51, 54-56]. This can be particularly valuable for in-office 
surgery. If precautions regarding the use of laser technology are not followed, or if 
laser procedures are performed in less-than-expert hands, laser procedures can be 
associated with serious complications such as injury to adjacent tissues with subse- 
quent edema and scar, as well as burns to the skin and mucosa, development of 
glottic webs, airway stenosis, and glottal incompetence [54, 56]. Even with the most 
expert surgical technique, such complications occur occasionally. 

Many publications have provided laryngologists with advice about using lasers 
in the office safely. For example, it has been demonstrated that red rubber tubes are 
safer to use compared to plastic tubes, if a tube (such as a feeding tube) will be in 
place during the procedure [9, 57]. Using saline-soaked gauze or towels can add an 
additional barrier of protection from injury to the patient [56] but care should be 
taken to avoid drying and desiccation of the gauze since that may lead to a fire [57]. 
Proper eye protection, usually provided by the laser manufacturer, must be worn at 
all times by anyone in the room including the patient when the laser is in use. 


5.11 In-Office Laryngeal Electromyography 


Laryngeal electromyography (LEMG) is an office-based procedure that has become 
invaluable in the evaluation of vocal fold mobility and confirming placement of the 
needle during botulinum toxin injections [58]. It takes approximately 5 min to per- 
form comprehensive diagnostic LEMG, and the most invasive part is the insertion 
of a 26-gage needle 37 mm in length for botulinum toxin injection or for diagnostic 
EMG, usually transcutaneously into selected intrinsic muscles of the larynx [21, 
58]. In order to avoid transmission of blood-borne pathogens between patients and 
health care workers through needle stick, adequate safety and infection control pro- 
tocols should be in place. Universal precautions and protective barriers are standard, 
as well as specific recommendations in the event that a health care worker should be 
exposed [59, 60]. 
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This procedure has been associated with rare complications including infection, 
hematoma, vocal fold hemorrhage, and edema causing upper airway obstruction 
[21]. Therefore, bleeding disorders and use of blood thinners represent relative con- 
traindications. Pre- and postprocedure cardiology evaluation for patients with pace- 
makers may be considered and repetitive stimulation studies usually are omitted in 
these patients. Caution should be exercised in a patient with glottic or subglottic 
stenosis in whom the airway is not protected with a tracheotomy. In this situation, 
LEMG of the thyroarytenoid muscles should be performed on one side at a time, as 
is usually the case, assuring that there is no symptomatic edema or hemorrhage 
before testing the other side [21]. 

Another potential risk is current leak and electrical injury. In order to avoid this 
complication, the patient should be grounded when appropriate, the equipment 
should have an isolation system that should be checked periodically for possible 
current leakage [61]. Moreover, extension cords should not be used, and the patient 
should remain isolated from other electrical devices during the evaluation [61]. 


5.12 In-Office Tracheoesophageal Puncture (TEP) 


A literature review on the safety of tracheoesophageal puncture was completed 
using PubMed/Medline databases with the search terms: “in-office’’/“office-based,” 
“tracheoesophageal fistula/puncture,” “TEP,” “safe/safety,’ and “complications.” In 
total, 20 articles in English were identified from 1995 through January 2015 [11]. 

Following total laryngectomy, tracheoesophageal prosthesis insertion is popular 
for alaryngeal speech. Traditionally, it was performed in the OR under general anes- 
thesia, but with more widespread use of office-based, unsedated, transnasal esopha- 
goscopy (TNE), several techniques for tracheoesophageal prosthesis placement in 
the office without sedation have been described [4, 10, 62—68]. It is considered to be 
a safe in-office procedure even for patients who underwent regional or free flap 
reconstruction [64]. It eliminates the need to extend the neck fully during the proce- 
dure, which can be difficult for patients who have undergone a complex reconstruc- 
tion or who received radiation therapy [68]. However, creating a tracheoesophageal 
fistula can have complications associated with any of the steps during the procedure. 
These include the creation of a false tract, infection, bleeding, and pain [66]. 

The literature provides strategies to facilitate the procedure and minimize com- 
plications. A guide wire simplifies the procedure and helps ensure proper placement 
[67], especially in cases in which bulky reconstructions created a thick wall between 
the trachea and neopharynx [18]. Blind techniques for tracheoesophageal puncture 
should be avoided in most situations. It is preferable to see the tip of the needle in 
the esophageal lumen using an endoscope and to insufflate the esophageal lumen in 
order to minimize manipulation of the mucosa at the tracheoesophageal puncture 
site and avoid damage to the posterior esophageal wall [66, 68]. In addition, using a 
small needle (21 gage) may minimize damage to the mucosa, especially if many 
attempts are needed [68]. 
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5.13 Patient Tolerance in Unsedated Office-Based 
Laryngeal Surgery 


Patient cooperation is essential for successful office-based laryngeal surgery. Proper 
counseling and assuring that patient’s expectations are reasonable can help improve 
patient tolerance and surgical outcome. The current literature indicates that despite 
advances in technology that facilitate treatment of upper aerodigestive system 
lesions using endoscopes with working channels, patient tolerance remains a con- 
cern. In 2004, in a review of 82 cases (30 laryngeal papilloma and 52 vocal fold 
dysplasia) treated in an office using pulse dye laser, Zeitels et al. reported the termi- 
nation of 5 cases because of patient discomfort and/or poor visibility [69]. Postma 
et al. reviewed 61 1cases of transnasal esophagoscopy and reported termination of 
the procedure in 17 cases due to tight nasal passages. Moreover, two patients had 
vasovagal reactions that were self-limiting [70]. Trask et al. reported successful use 
of the transnasal approach for vocal fold augmentation in patients with vocal fold 
paralysis. The procedure was tolerated well by all the patients except one who 
developed a panic attack and dyspnea that necessitated a tracheotomy to secure the 
airway. The authors advocated the use of this approach as a safe and effective alter- 
native to the transoral and percutaneous approaches for injection laryngoplasty [71]. 
Their results were supported by Hamdan et al. who reported the successful use of 
this approach in 16 patients. The procedure was tolerated well by all subjects with 
significant improvement in phonatory symptoms in two-thirds of their study group 
[72]. In 2006, Rees et al. investigated patient tolerance of in-office pulsed dye laser 
treatment and reported an overall average comfort score of 7.4 out of 10 (1 being the 
maximal discomfort). Only 13% of their study group (total 89 subjects) preferred to 
have the procedure done under general anesthesia if repeat surgery was needed in 
the future. Six out of fifty-four who had undergone similar treatment under general 
anesthesia reported more discomfort in the office setting. In the study group overall, 
discomfort was mostly in the throat and less in the nose. Almost one in two patients 
had problems with gagging [73]. In 2006, Amin reviewed patient tolerance in 10 
patients who underwent vocal fold augmentation using the thyrohyoid approach and 
reported a mean tolerance score of 2.1 out of 10 with 1 being no problem. All pro- 
cedures were completed successfully with marked improvement in voice handicap 
index score (21.3 preoperatively to 7.5 postoperatively), and in stroboscopic find- 
ings [74]. In 2013, Birkent et al. investigated patient tolerance of 35 patients who 
underwent in-office percutaneous injection laryngoplasty using the trans- 
cricothyroid approach. The patients were asked to rate their expected and experi- 
enced discomfort using a visual analog scale (1—10, with 1 being no pain) before the 
procedure and after. The patients’ expectations were similar to what they reported 
immediately after surgery (4.57 vs. 4.41, respectively). The authors stressed the 
need to explain to the patient the different steps of the procedure in order to meet 
their expectations and improve patient tolerance [75]. A year later, Clary et al. 
described the use of a laryngeal introducer in injection laryngoplasty and reported a 
mean overall discomfort score of 4.53 + 1.82 out of 10 (10 being the worst). Similar 
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to the study by Rees et al., the discomfort was more in the throat than in the nose 
[76]. Gadkaree et al. compared patient tolerance, anxiety, and discomfort in patients 
undergoing injection laryngoplasty using the peroral vs. thyrohyoid approach and 
reported higher (worse) scores in the thyrohyoid group. However, anesthesia-related 
discomfort was worse in those who underwent the peroral approach in comparison 
to the thyrohyoid approach [77]. In 2018, Bensoussan and Anderson reported patient 
intolerance and anxiety as exclusion criteria in office-based laryngeal surgery in 
their review on current practice of unsedated, in-office laryngeal procedures [78]. 
The review included 16 of 22 Canadian laryngologists. In 2021, Hamdan et al. 
reported patient tolerance in 178 office-based procedures using three different sur- 
gical approaches, including transnasal, peroral, and percutaneous [79]. The average 
tolerance score on a scale of 1-5 with 1 being very comfortable, was 1.68 + 1.05 for 
the transnasal, 1.6 + 0.91 for the transoral fiberoptic, and 1.84 + 0.95 for the percu- 
taneous approach, with no significant difference between the three (p value 0.77). 
There was also no significant difference between the three approaches in anesthesia 
discomfort and anxiety. The procedure was tolerated well by all patients except one 
who developed a vasovagal attack necessitating termination of the procedure. 

In all the above reports, patient tolerance was key, for completion and success of 
office-based surgery. The importance of proper patient selection taking into account 
the patient’s mental readiness and psychological state, and thorough preoperative 
counseling explaining the different steps of the surgical procedure and what to 
expect, cannot be overemphasized. Other important key success factors for better 
patient tolerance include adequate topical anesthesia of the upper airway, choice of 
the surgical approach accounting for anatomic variations such as tight nasal vault 
and obscure cervical landmarks, and the surgeon’s training and experience. Excellent 
surgical dexterity and short duration of the procedure can improve patient tolerance 
and probably voice outcome, although research is needed to confirm that speculation. 


5.14 Conclusion 


The most commonly performed laryngologic in-office procedures have a low risk 
for complications. Nevertheless, a high level of office preparedness to handle rare 
but potentially serious complications is important. Balancing the systematic 
approach to preoperative assessment with the individual needs of the patient will 
allow the surgeon to select appropriate candidates for in-office procedures, proto- 
cols to minimize risks and treat complications; and safe, effective in-office laryn- 
geal surgery. 
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Chapter 6 A 
Topical Anesthesia in Office-Based gese 
Laryngeal Surgery 


6.1 Introduction 


Office-based laryngeal surgery dates back to the nineteenth century and has been 
used continuously to some extent. It was replaced for most procedures by direct 
laryngoscopy in the second half of the twentieth century [1]. However, office-based 
laryngeal surgery has regained popularity over the last few decades. This resurgence 
is ascribed in part to the advent of the flexible nasopharyngoscope with a working 
channel, and in part to the successful application of topical anesthesia to the upper 
airway. Topical anesthetic in otolaryngology practice has been used for more than a 
century and was reviewed for airway use more than 50 years ago [2]. Numerous 
procedures currently done in the operating room under general anesthesia used to be 
performed in an office setting while the patient was awake [3]. The main advantage 
of topical anesthesia to the upper airway is that it allows the patient to remain con- 
scious, and hence breathe spontaneously. Additionally, the surgeon can communi- 
cate with the patient asking him/her to swallow, breathe slowly, or perform different 
phonatory tasks that may improve the surgical outcome. Other benefits include has- 
tened recovery and improved time efficiency for both the surgeon and the 
patient [4—6]. 

Adequate topical anesthesia to the upper airway is essential for the success of 
any office-based laryngeal procedure. Appropriate patient selection taking into 
account the tolerance level and willingness to collaborate is crucial. Patients with 
high anxiety traits and low threshold for pain and patients with hyperactive gag 
reflexes may not be ideally suited for unsedated office-based laryngeal surgery. The 
choice of topical anesthetic, as well as the mode of administration, are important. 
Several topical anesthetics have been developed over the last century and are readily 
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available for use by otolaryngologists. These are classified as amides such as lido- 
caine, prilocaine, and etidocaine, and esters such as tetracaine, benzocaine, and pro- 
caine. Each of these topical anesthetics has a recommended dosage, time of onset of 
action, and duration. For instance, lidocaine, which is the most commonly used 
topical anesthetic, is administered in concentrations of 2% and 4%. The effect starts 
within 90 s and lasts 15—20 min before starting to abate. Pontocaine is also com- 
monly used in a 2% concentration solution and carries a longer half-life than that of 
lidocaine. Cocaine is used less frequently despite its added value in terms of high 
potency and vasoconstriction. The decline in its usage is ascribed to associated 
adverse reactions and fear of toxicity [6]. The mode of application of topical anes- 
thesia to the upper airway is also important. The method of choice must take into 
consideration the surgeon’s expertise and the patients’ anatomic features. A severe 
septal deviation may preclude the administration of local anesthetic via the working 
channel of a nasopharyngoscope, whereas a large base of tongue and/or restricted 
temporomandibular joint movement may hinder administration of the anesthetic 
orally. Similarly, a strong gag reflex may impair the efficacy of topical anesthesia to 
the hypopharynx and lower airway. Other patients’ related factors that should be 
considered while applying topical anesthesia to the upper airway are age and the 
presence of co-morbidities. For example, an elderly with cardiovascular disease 
undergoing office-based laryngeal surgery requires diligent monitoring and readi- 
ness for emergency intervention. 

This chapter reviews the methods used to apply topical anesthesia to the upper 
airway. The effect of topical anesthesia on the sensation and function of the laryngo- 
pharyngeal complex is reviewed and associated systemic toxicities are discussed. 


6.2 Topical Anesthesia to the Upper Airway; Anatomic Sites 
and Methods of Application 


6.2.1 Topical Anesthesia to the Nasal Cavity 


The use of topical anesthesia to the nose while performing diagnostic and therapeu- 
tic office-based nasopharyngolaryngoscopy is common practice although ques- 
tioned by some [7-9]. The local anesthetic is applied usually with a decongestant 
(0.05% oxymetazoline) or preceded by application of a decongestant that provides 
widening of the nasal passage and improved hemostasis in case of adverse injury to 
the mucosal lining. If cocaine is used, adding a vasoconstrictor is unnecessary given 
the high vasoconstrictor effect of this topical anesthetic. The effect of topical anes- 
thesia on the nasal mucosa varies with the type of anesthetic used and its mode of 
application. In a study of 200 patients who underwent diagnostic transnasal fiberop- 
tic laryngoscopy, Özkırış et al. reported less pain in the group who used lidocaine 
and prilocaine in comparison to those who received bupivacaine and ropivacaine 
[8]. In another study, Bourolias et al. compared the efficacy of lidocaine 10% vs. 
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tetracaine 2% applied to the nasal mucosa for 10 min, and showed less pain in those 
who had topical anesthesia using tetracaine. The study group consisted of 48 
patients who underwent office-based transnasal laryngoscopy [9]. The effect of 
topical anesthesia also varies with the mode of administration. Anesthesia to the 
nasal cavity is commonly applied using anesthetic spray, gel, or cotton pledgets 
soaked with the local anesthetic and inserted into the nasal cavity for 10-15 min [5, 
6, 10]. There is no consensus in the literature on the most effective mode of applica- 
tion. Zainudin et al. compared nasal gel anesthesia vs. nasal spray anesthesia (ligno- 
caine) in 55 patients undergoing fiberoptic bronchoscopy. The authors reported 
more discomfort and/or pain in those who had lignocaine spray vs. those who had 
lignocaine gel [11]. In another prospective, randomized, controlled study of 240 
patients undergoing ultrathin esophagogastro-duedonoscopy, Hu reported less nasal 
pain using cotton-tipped pledgers vs. endoscopic-guided aerosolized spray to the 
nasal cavity. Moreover, the overall patient tolerance was higher in the former 
group [12]. 


6.2.2 Topical Anesthesia to the Pharynx 


Successful topical anesthesia to the pharynx is a prerequisite for successful office- 
based endoscopic procedures on the upper aero-digestive system inferior to the 
nose. The topical anesthetic is commonly administered by spraying the oral cavity, 
oropharynx, and hypopharynx with 2% or 4% lidocaine, although some physicians 
prefer other medications such as Cetacaine (Cetylite, Pennsauken, NJ), a combina- 
tion of benzocaine 14%, butamben 2%, and tetracaine hydrochloride 2%. The first 
2 s of spraying usually aim at the base of the tongue, hypopharynx, soft palate, and 
posterior pharyngeal wall. The patient may be asked to swallow and pant or inhale 
deeply while additional spray is applied. Deep inhalation during spraying allows 
some of the anesthetics to reach the larynx and trachea. Spraying may be repeated 
intermittently at 3—4 min intervals (8—14 sprays on average) [6, 11]. Topical anes- 
thesia to the hypopharynx also may be applied directly using a cotton ball held by a 
curved forcep. This technique allows access to the base of the tongue, epiglottis, and 
even pyriform sinuses [6]. For safety, a cotton ball with a string attached should be 
considered in case the cotton ball is dislodged from the forceps (Fig. 6.1). 
Alternatively, patients may be asked to gargle the anesthetic solution for few min- 
utes or to use an anesthetic gel. Sohmer et al. reported their experience with lido- 
caine 2.5% and prilocaine 2.5% cream application to the base of tongue in 57 
patients undergoing bronchoscopy. The procedure was tolerated well by almost all 
patients without the need for other forms of anesthesia except for lidocaine liquid in 
the larynx [13]. Similarly, Amornyotin et al. compared the effect of viscous lido- 
caine solution vs. lidocaine spray on pharyngeal anesthesia in a large group of 
patients undergoing esophagogastroduodenoscopy. The authors reported better clin- 
ical efficacy and less pain in those who were anesthetized using spray in comparison 
to those who were anesthetized using viscous lidocaine [14]. Another less frequently 
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Fig. 6.1 Cotton swab at 
the base of the tongue 
introduced orally using a 
curved cup forceps 


used option is asking the patient to suck anesthetic lozenges. Chan et al. compared 
the effectiveness of anesthetic lozenges vs. xylocaine spray in 191 patients undergo- 
ing unsedated esophagogastroduodenoscopy. Patients and physicians had compa- 
rable satisfaction rates using either form of local anesthetic. However, those who 
had their pharynx sprayed had less gag and better tolerance than those who sucked 
lozenges, but those who used lozenges had better taste experience [15]. 


6.2.3 Local Anesthesia to the Larynx 


As noted above, topical anesthesia to the larynx for office procedures is not new; 
and topical anesthesia of the larynx also has been advocated for patients undergoing 
general anesthesia. In 1985, Colman and Reynolds reported the topical application 
of 10% cocaine solution to the larynges of adults and children undergoing endos- 
copy to the upper airway and digestive system under general anesthesia. The aim 
was to prevent laryngeal spasm following removal of the endotracheal tube [16]. 
With the advent of instrumentations and technology, topical anesthesia to the larynx 
has become the norm for all office-based laryngeal procedures. The objective is to 
secure a calm surgical bed for 15-20 min, during which there is a decrease in laryn- 
geal sensation and attenuation of the brisk adductor reflexes that occur during 
unanesthetized stimulation such as surgical manipulation. Several modes of admin- 
istration are described in the literature. These include dripping the local anesthetic 
via the working channel of the flexible nasopharyngoscope, dispersing the local 
anesthetic via a small catheter introduced through the working channel of the flex- 
ible nasopharyngoscope, or delivering the local anesthetic via a curved suction or 
cannula introduced perorally. Other commonly described techniques include the use 
of a pressurized nebulizer to inhale the anesthetic, or injection of the local anesthetic 
into the airway using a 25-gage needle that is inserted percutaneously via the 
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cricothyroid membrane or trachea. Nerve block of the internal laryngeal branches of 
the superior laryngeal nerves is used less frequently but can be extremely effective. 


1. Administration of topical anesthetic to the larynx via the flexible nasopharyngo- 
scope. In this technique, the flexible nasopharyngoscope is introduced into the 
nasal cavity and is positioned behind the soft palate just above the base of tongue 
and tip of the epiglottis. Then, the topical anesthetic, most commonly lidocaine 
2% or 4%, is dripped through the working channel of the flexible nasopharyngo- 
scope while the patient is asked to sustain an /i/ or sniff (Fig. 6.2). Following 
that, the tip of the flexible nasopharyngoscope is introduced further down the 
laryngeal inlet to just above the vocal folds, and the patient is asked to phonate 
while the local anesthetic is dripped. This maneuver is referred sometimes to as 
“laryngeal gargle” (Fig. 6.3, Video 6.1) [17]. Alternatively, the topical anesthetic 


Fig. 6.2 Laryngeal 
endoscopic view showing 
local anesthesia (lidocaine 
2%) dripped at the base of 
tongue and supraglottis 
during sniffing 


Fig. 6.3 “Laryngeal 
gargle” using lidocaine 2% 
seen on laryngeal 
endoscopy. Note how the 
liquid solution is dispersed 
throughout the laryngeal 
cavity and pyriform 
sinuses 
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Fig. 6.4 Topical 
anesthesia solution (2% 
lidocaine) applied to the 
base of tongue and 
epiglottis using a Teflon 
catheter introduced 
through the working 
channel of flexible 
endoscope 


can be delivered via a small catheter that is introduced through the working 
channel of the fiberoptic nasopharyngoscope (Fig. 6.4). Based on a review of 
regional anesthesia for office-based procedures in otolaryngology, Wang and 
Simpson reported that a total of 2—4 ml of 4% lidoacine installed as aliquots to 
the laryngeal surface is sufficient to achieve topical anesthesia to the larynx [5]. 
During the administration of anesthesia to the larynx, some of the local anesthet- 
ics may reach the subglottis and trachea. The elicited cough allows further dis- 
persion of the anesthetic solution in the larynx and pharynx [6, 18]. 

2. Administration of the local anesthetic to the larynx via the oral route. 
Administration of topical anesthesia to the larynx using the peroral approach is 
used commonly by otolaryngologists performing office-based laryngeal proce- 
dures. After having sprayed the oral cavity with lidocaine 2% or 4%, or another 
topical anesthetic, the patient is asked to bend forward and assume the “sniffing” 
position with the neck extended. Then, the patient is asked to open his/her mouth 
while an Abraham cannula is advanced to the oropharyngeal cavity in one hand, 
and the tongue is grasped with the other hand. Visualization may be achieved 
with an assistant controlling a flexible laryngoscope. Alternatively, the patient 
may be asked to hold his/her tongue using a gauze while the physician intro- 
duces the cannula perorally. This frees the surgeons hand to visualize with a 
laryngeal mirror, as was done for many decades before flexible laryngoscopy 
became available in the 1970s. The topical anesthetic is then dripped at the base 
of the tongue and at the tip of the epiglottis [5, 6, 11, 18]. A few seconds later, 
while a direct visualization of the larynx is secured using a flexible nasopharyn- 
goscope (or using a mirror) that is positioned behind the palate, the cannula is 
introduced further down the laryngeal inlet, and the local anesthetic is applied. 
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The patient is asked to phonate to allow better distribution of the anesthetic to the 
entire laryngeal mucosa. If the patient inhales during application of the anes- 
thetic, excellent anesthesia of the vibratory margins and subglottic area is 
achieved. See Video 6.2. 

3. Administration of the local anesthetic to the larynx via a nebulizer device. 
Nebulized anesthesia to the nose, pharynx, larynx, and tracheobronchial tree was 
described initially by Thawley in 1987 as a safe alternative to other methods of 
local anesthesia to the upper airway [19]. The authors advocated the safety of 
this technique and its added value in avoiding laryngeal manipulation and hence 
trauma and/or discomfort to the patient (Fig. 6.5). Since then the efficacy of 
nebulized anesthesia has been reported by numerous authors. In a review of 273 
patients undergoing examination of the larynx and tracheobronchial tree, 
Christoforidis et al. reported good or excellent topical anesthesia using ultra- 
sonic nebulizer in 94% of cases. The authors used 4-7 ml of lidocaine 4% [20]. 
Noitasaeng et al. compared lidocaine spray (5 puffs over 20 min) vs. nebulized 
lidocaine (250 mg over for 15 min) in patients undergoing esophagogastroduo- 
denoscopy (EGD) and reported better patient acceptance of the procedure in 
those who used the nebulizer [21]. Another major advantage of using a nebulizer 
to deliver topical anesthesia to the upper airway is the even distribution of the 
aerosol to the entire mucosal lining of the larynx and lower airway. It is impor- 
tant to note that the effect of the nebulizer is partially determined by the size of 
the aerosol particles. Large particle atomizers are more likely to deposit in the 
larynx and pharynx, whereas small particle atomizers are more likely to deposit 
in the lungs. As beautifully described by Erickson, larger particles will “rain out” 
and coalesce in the hypopharynx and larynx whereas the smaller ones will reach 


Fig. 6.5 Two cc of 2% 
lidocaine topical anesthesia 
administered using a 
nebulizer 
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the lungs [2]. Supporting this observation, Perkins et al. investigated the deposi- 
tion patterns of different-sized particles of inhaled corticosteroids in the larynx 
using a computational fluid dynamic model. The authors noted that large parti- 
cles had higher glottic deposition than small particles [22]. 

4. Administration of topical anesthesia to the larynx via the transcervical approach. 
The administration of local anesthetic directly into the trachea is used commonly 
by many otolaryngologists who advocate the cricothyroid approach. By grasping 
the larynx with the thumb and index finger of one hand, 1-inch to 1.5-inch 
needle, attached to a syringe that contains the local anesthetic, is used to punc- 
ture the cricothyroid membrane or trachea. Surgeon preference ranges from 
18-gage to 25-gage needle size. The surgeon is advised to make sure that air is 
withdrawn from the syringe before the injection. The presence of air bubbles on 
aspiration confirms the position of the needle in the airway. Alternatively, an 
assistant can provide a view of the larynx using a flexible laryngoscope. 
Following the injection of the topical anesthetic, the patient usually coughs. This 
allows the spread of the anesthetic to the larynx and pharynx (Fig. 6.6a, b, Video 


Fig. 6.6 Topical a a 
anesthesia administered via 
a 25-gauge needle inserted 
through the cricothyroid 
membrane (a) showing the 
tip of the needle 
penetrating the airway, (b) 
showing the injection of 
the lidocaine into the 
airway 
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6.3) [5, 6]. Very rarely, forceful cough with the needle in place can lead to pneu- 
momediastinum. Topical anesthetic also can be applied using a spinal needle 
inserted through the thyrohyoid membrane with fiberoptic visualization. 

5. Administration of laryngeal anesthesia via superior laryngeal nerve block. 
Superior laryngeal nerve block is an option reserved for outpatient surgery 
patients who are refractory to or fail the delivery of topical anesthesia via the 
discussed above approaches. The physician starts by identifying the superior 
cornu of the thyroid cartilage and the greater cornu of the hyoid bone. The hyoid 
bone is then displaced or tilted laterally toward the side where the injection is 
intended, about 1 cm anterior to the line between these two anatomic landmarks, 
and the local anesthetic is injected in the space between the thyroid cartilage and 
hyoid bone at the laryngeal entry of the internal branch of the superior laryngeal 
nerve [2, 5]. Unlike the percutaneous cricothyroid approach in which the needle 
pierces the cricothyroid membrane, while performing superior laryngeal anes- 
thesia through topical medication, the needle does not penetrate the laryngeal 
lumen. It is important to note that superior laryngeal nerve block provides anes- 
thesia to the supraglottic region and not the infraglottic region. 


There is no clear consensus in the literature on the best anesthetic approach/ 
technique for unsedated office-based laryngeal surgery. The choice of approach/ 
technique is left to the discretion of the surgeon who needs to take into consider- 
ation patient related-factors such as anatomy and tolerance, as well as comorbidi- 
ties. Patients with hyperactive gag reflex, abnormal oropharyngeal anatomy such as 
hypertrophic tonsils or prominent cervical osteophytes may not be eligible for per- 
oral administration of topical anesthesia. Moreover, for some such patients, 
unsedated office-based surgery might not be the best approach. If there are compel- 
ling reasons to use office-based surgery, mild sedation may help overcome some of 
these problems, especially the hyperactive gag response. Often diazepam 5—10 mg 
the night before and 1 h before the procedure will be sufficient. Similarly, patients 
with obscure cervical landmarks may not be the ideal candidates for transcervical 
delivery of local anesthetic. Naunheim and Woo investigated the difference in 
patient satisfaction using three anesthetic techniques [23]. One hundred patients had 
topical anesthetic (lidocaine) delivered to the upper airway via either a nebulizer 
(n = 32), a cannula (n = 35), or a tracheal puncture (n = 33). Among the 90 patients 
who had surgery and had completed the survey, the highest satisfaction score was 
achieved in the tracheal puncture group, followed by the cannula group and the 
nebulizer group. Patients who received trans-tracheal topical anesthesia had the 
least amount of pain and nausea. Moreover, patient satisfaction correlated with the 
surgeons’ satisfaction, which also was higher in the tracheal group in comparison to 
the other groups. In a recent study of 154 patients who underwent 176 different 
office-based laryngeal procedures, Hamdan et al. reported no significant difference 
in anesthesia discomfort between those who underwent the transnasal, peroral fiber- 
optic, and trans-tracheal approaches (2.16 + 1.39 vs. 2.4 + 1.29 vs 2.21 + 1.13, 
respectively, p-value (0.825)). Similarly, there was no significant difference in the 
anesthesia time between the three groups [24]. 
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In summary, the success in achieving topical anesthesia to the upper airway is 
determined in part by the patient’s readiness for the office-based laryngeal proce- 
dure. The absence of a gag reflex, decreased sensation in the laryngeal mucosa, and 
attenuated adductor reflex, are invariably reassuring signs that the larynx and phar- 
ynx are well anesthetized. Economy of time is paramount during surgery as the time 
window for full anesthesia effect from lidocaine rarely exceeds 15-20 min. 
Administration of local anesthesia a second time may be needed in selected cases. 
Alternatively, a longer acting agent such as Cetacaine may be used. 


6.3 Effect of Topical Anesthesia on the Pharynx and Larynx 


Local anesthetics act by blocking the voltage-gated sodium channels at the surface 
membrane of the neural structure with a subsequent decrease in action potential 
propagation. In the pharynx, the decrease in chemosensory input results in impaired 
oral sensation and difficulty swallowing. The delay in the sensation of swallowing 
leads to prolongation of swallowing time and an increase in the interval between 
swallows [25]. Raphael et al. investigated the effect of lignocaine (sprayed or nebu- 
lized) and oral benzocaine lozenges on the upper airway reflexes and reported a 
significant elevation in sensitivity threshold [26]. The effect varied in intensity and 
duration with the method of delivery and type of local anesthetic used. Topical 
application of an anesthetic to the upper airway also has been shown to affect upper 
airway reflex regulation and airflow resistance. The change in airflow resistance is 
attributed to blockage of the airway receptors with subsequent impairment in 
reflexes. In a study of 16 healthy volunteers, Liistro et al. reported transient airway 
obstruction following extensive upper airway anesthesia using 10% lidocaine. The 
airway obstruction occurred during forced inspiratory and expiratory vital capacity 
maneuvers. There was also a decrease in maximal inspiratory flow rate 15 min after 
applying the anesthetic. The authors attributed their findings to dysregulation in 
upper airway reflexes responsible for maintenance of upper airway patency [27]. 
These findings are in agreement with a case report by Ho et al. published in 2004, 
who described complete upper airway obstruction in a 69-year old man following 
the application of local anesthesia to the upper airway [28]. Several studies have 
shown that local anesthesia to the upper airway also has an impact on the laryngeal 
behavior following tracheal extubation. Administration of topical anesthetic (lido- 
caine or lignocaine) to the larynx and trachea helps reduce postoperative laryngeal 
spasm, coughing, and sore throat [29, 30]. Mihara et al. conducted a meta-analysis 
looking at the efficacy of topical and/or systemic lidocaine administration in reduc- 
ing the prevalence of laryngeal spasm and reported a significant preventive role with 
a risk ratio of 0.42. The analysis included 787 patients who had undergone general 
anesthesia [31]. 

Despite impairment in sensation following administration of a topical anesthetic 
to the upper airway, motor function of the larynx and pharynx are not affected. 
Rubin et al. investigated the impact of topical anesthesia on vocal fold motion in ten 
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patients using transnasal flexible endoscopy and reported no significant effect. The 
briskness of vocal fold motion and the longitudinal tension of the vocal folds were 
assessed by five trained laryngologists using a visual analog scale [32]. Similarly, 
Mahajan et al. reported no change in peak cough flow and velocity following admin- 
istration of topical anesthesia to the upper airway. The measurements were taken 
using tussometry which displays airflow rate against time [33]. In another prospec- 
tive, cross-over, randomized, double-blind placebo-controlled study, Maxwell et al. 
showed no significant difference in electrographic parameters between subjects 
who gargled with placebo vs. those who gargled with lidocaine 2% and 4%. 
However, there was a difference in the logarithmic ratio of noise/signal energy for 
mid-range /i/ between the control group and the test group (lidocaine and placebo). 
Although there was no significant effect on the voice, mild dysarthria was noted in 
those who gargled with lidocaine [34]. Yang and Chen investigated the effect of 
topical anesthesia on the acoustic parameters of 30 subjects who were asked to sus- 
tain, the vowel /i/. The results indicated a nonsignificant decrease in the fundamen- 
tal frequency in the anesthetized condition vs. control condition (125.7 + 19.7 Hz 
vs. 130.1 + 18.5 Hz) [35]. 

In summary, topical anesthesia to the larynx and pharynx leads to impaired sen- 
sation, and may lead to delayed swallowing and decreased airway reflexes. 
Alterations in airflow volume and resistance may ensue. Motor function of the pha- 
ryngeal and laryngeal muscles is not affected. Voice quality is unchanged perceptu- 
ally and acoustic changes are not significant. 


6.4 Systemic Toxicity of Topical Anesthesia 
to the Upper Airway 


Systemic toxicity following administration of topical anesthesia to the upper airway 
has not been reported in office-based laryngeal surgery. In a review of 611 cases of 
transnasal esophagoscopy performed under topical anesthesia, Postma et al. reported 
safety of topical anesthesia in all patients without a single case of toxicity [36]. The 
lack of systemic toxicity following topical anesthesia to the upper airway also was 
reported by Sulica et al. in their review of 236 cases of office-based injection laryn- 
goplasty. None of the cases had toxicity attributed to the use of topical anesthesia 
[37]. The lack of local anesthetic toxicity reports in office-based laryngeal surgery 
can be attributed to the paradigm shift away from the use of medicinal cocaine over 
the last 25 years. In a large survey on the use of cocaine by otolaryngologists, Long 
et al. reported a decline mostly due to the adverse reactions associated with its 
usage. These included hemodynamic alterations such as tachycardia and hyperten- 
sion leading to cardiac arrest, in addition to neurologic sequel such as seizures [38]. 

Despite the replacement of cocaine by synthetic local anesthetics, and despite the 
behavioral modification in the application of topical anesthesia in terms of timing 
and dosage (intermittent vs. continuous, decrease in dosage) [39], the possibility of 
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overdose and toxicity following the use of local anesthetic in any office-based pro- 
cedure should not be disregarded. The severity of toxicity depends primarily on the 
plasma concentration of the local anesthetic administered, which varies with the 
agent used, the amount given, its extent of absorption at the site of application, and 
the efficacy of detoxification in the body, i.e., the excretory process. All these 
parameters should be taken into consideration when the topical anesthetic is admin- 
istered in an office setting. For lidocaine, the maximal dose that can be given safely 
to a healthy adult is estimated to be 4.5 mg/kg, which amounts to an average of 
200-300 mg. The dose may be increased to 500 mg if the anesthetic is mixed with 
a vasoconstrictor [37, 40, 41]. In a review by Wellenstein et al., the authors advo- 
cated the safe use of lidocaine in the range of 200—600 mg [10]. Another important 
determinant of plasma level is the absorption rate which varies with the site of 
installation of the local anesthetic. The rate of absorption has been reported to be 
higher in the pyriform sinuses and lower airway in comparison to the nasopharynx 
and hypopharynx. In addition, the mode of administration, in a single dose vs. step- 
wise application, also matters. Rosenberg et al. investigated the blood concentration 
of lidocaine after stepwise application of lidocaine spray to the upper airway and 
reported a peak level of lidocaine (1 pg/ml) in 20-30 min after spraying [41]. To 
avoid the summation of plasma peak level, the authors advocated the installation of 
the anesthetic at a 5-min interval. 

When the plasma level of topical anesthetic reaches the toxic level (above 5 ug/ 
ml in the case of lidocaine), symptoms and signs of toxicity appear. The toxic reac- 
tions are classified primarily as neurologic and/or cardiovascular. The neurologic 
symptoms include confusion, anxiety, auditory disturbances such as tinnitus, light- 
headedness, muscle twitching, circumoral paresthesia, and, at times, tremors. In 
severe cases, the patient may develop signs of cortical stimulation and medullary 
depression leading to respiratory distress and convulsions [2, 6, 42]. The convulsion 
is ascribed to “disinhibition of nerve conduction at the gamma aminobutyric acid 
(GABA) receptor complex” as reported by McCaughey in 1992 [43, p. 178]. 
Hemodynamically, patients may experience hypotension, bradycardia, and periph- 
eral vasodilation with possible collapse. Lidocaine toxicity also may exert an ino- 
tropic effect on cardiac muscle function resulting in decreased contractility and 
arrhythmias. Once recognized, neurologic and hemodynamic toxicities usually are 
treated with prompt administration of oxygen. Oxygen reduces the progression of 
hypoxia and acidosis and decreases the severity of the associated symptoms. Other 
possible complications of topical anesthetic include anaphylactic reaction and met- 
hemoglobinemia. This is a very rare condition characterized by oxidation of hemo- 
globin which makes it unable to bind or carry oxygen. The risk is higher when more 
potent topical anesthetics such as benzocaine are used. Benzocaine-induced methe- 
moglobinemia is well-reported in the literature with significant morbidity if not 
addressed promptly [44—46]. A reasonable alternative commonly used by the author 
(RTS) is Cetacaine, which combines benzocaine, butamben, and tetracaine. 
Nevertheless, the availability of methylene blue for emergency treatment of methe- 
moglobinemia should be available. Whited et al. reported a 71-year-old woman who 
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developed methemoglobin of 10.5% following routine administration of tetracaine 
hydrochloride 1.0% for evaluation of hoarseness and dysphagia [47]. 

In summary, systemic toxicity following administration of topical anesthesia to 
the upper airway is extremely rare. Nevertheless, hemodynamic changes, as well as 
neurologic signs and symptoms, must alert the physician performing office-based 
laryngeal procedures to the possible adverse effects of the topical anesthetic. 
Stepwise administration of the topical anesthetic and not exceeding the recom- 
mended dose help avoid toxicity. 
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Chapter 7 A 
Surgical Techniques and Operative gese 
Approaches in Office-Based Laryngeal 

Surgery 


7.1 Introduction 


The last two decades have witnessed a major trend in laryngology practice toward 
office-based surgery. In part, this change is due to radical improvement in instru- 
mentation [1, 2]. Technological innovations, particularly the advent of endoscopes 
with working channels and distal chip camera, have allowed the use of flexible 
needles and lasers for treatment of structural and functional voice disorders tradi- 
tionally managed in the operating room. This shift toward office-based laryngeal 
surgery has spared many patients the need for general anesthesia and the morbidi- 
ties associated with suspension microlaryngoscopy. It also has allowed surgeons to 
monitor the patient’s voice during surgery. Awake patients may assist the surgeon by 
performing various phonatory tasks that can help gauge glottic closure and vocal 
fold movement. Patients are instructed on how to control their breathing to help 
minimize brisk abductor or adductor movements that might hinder surgery [3-6]. 
The increased use of office-based laryngeal surgery also has affected health care 
spending favorably. Based on a review that included 13 studies, Schimberg et al. 
reported a lower cost of office-based laryngeal surgery in comparison to laryngeal 
surgery performed under general anesthesia [7]. In another comparative study on 
patients with recurrent respiratory papillomatosis, Rees et al. reported an estimated 
saving of at least $5000 per procedure [8]. However, this decrease in cost per proce- 
dure might be counterbalanced by an increase in the number of surgical interven- 
tions per case and a low threshold for surgery. Surgeons whose clinics are well 
equipped for unsedated office-based laryngeal surgery might be more inclined to 
operate on small or early lesions in comparison to those who do not have this option. 

Despite the many potential advantages listed above, the success of office-based 
laryngeal surgery hinges on several important factors. In addition to proper patient 
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selection, adequate preoperative counseling, and successful topical anesthesia to the 
upper airway, the choice of the surgical approach is crucial for the completion of 
any procedure. This chapter reviews the approaches commonly used in office-based 
laryngeal surgery. The surgical details and limitations of each approach are dis- 
cussed. A detailed review of the literature on the surgical outcome and complica- 
tions of the different office-based laryngeal surgeries is available to the readers in 
Chaps. 8, 9, 10, 11, and 12 of this book. 


7.2 Surgical Technique and Approaches 


The spectrum of office-based laryngeal surgery has expanded markedly since 1990s 
to include a large number of procedures. These include injection laryngoplasty for 
the treatment of vocal fold paralysis/paresis and other causes of glottic insuffi- 
ciency; vocal fold injection of steroid or other substances in patients with vocal fold 
scar or benign lesion; cidofovir injections in patients with recurrent respiratory pap- 
illomatosis; botulinum toxin injection for the treatment of laryngeal movement dis- 
orders; laser therapy for benign, premalignant, and early malignant lesions of the 
vocal folds; laryngeal biopsy; excision of vocal fold masses; removal of laryngeal 
sutures or stents; dilation of laryngeal stenosis; and other procedures [4—6, 9]. All 
these procedures are performed commonly using one of three approaches, namely, 
the peroral often referred to as transoral approach, the transcervical or percutaneous 
approach via the cricothyroid membrane, thyroid cartilage or thyrohyoid mem- 
brane, and the transnasal approach. The choice of approach depends on the type of 
procedure, the surgeon’s experience and preference, the patient’s anatomy and tol- 
erance, and the availability of equipment and medical resources. Physicians per- 
forming in-office laryngeal surgery should be familiar with all these techniques. 


7.2.1 The Peroral or Transoral Approach 


The peroral approach is the oldest approach depicted in surgery of the upper airway 
under local anesthesia. It was described initially in 1852 by Green who used the 
technique to resect a laryngeal polyp from an 11-year-old [10]. It also was used by 
Kirstein in 1895 [11]. It became used more widely after it was reintroduced in 1911 
by Bruening and later promoted by Arnold in the treatment and rehabilitation of 
vocal fold paralysis [12, 13]. Over the last century, application of the peroral 
approach has increased to include office-based treatment of patients with many 
voice disorders. Dedo et al. reviewed their experience with 135 patients who under- 
went injection laryngoplasty using the peroral approach and reported improvement 
in 96% and full recovery in 81% of the cases [14]. Halderman et al. reported the use 
of the peroral approach in their case series of 82 office-based injection medializa- 
tions with good patient tolerance. Only six cases were aborted and had to be injected 
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under direct laryngoscopy [15]. The peroral approach also has been described for 
office-based removal of vocal fold masses. Shahshahan et al. reported in-office 
removal of a vocal fold polyp in an 84-year-old woman with no recurrence after 
6 months [9]. Similarly, Lan et al. reported office-based resection of vocal fold pol- 
yps using small cup forceps introduced orally under video-stroboscopic examina- 
tion [16]. Omori et al. described their experience with 114 patients who underwent 
video-endoscope-assisted laryngeal surgery performed perorally [17]. The peroral 
approach has been adopted in vocal fold injection of pharmaceutical agents, as well. 
Tateya et al. reported complete or partial regression of vocal fold nodules following 
vocal fold steroid injection using the peroral approach under fiberoptic guidance 
[18]. Similarly, Mortensen and Woo showed 82% improvement following peroral 
vocal fold steroid injection in patients with vocal fold scar/nodules/polyps [19]. 
Ford et al. reported good patient tolerance and no major complications using the 
peroral approach while injecting botulinum toxin in 16 patients with spasmodic 
dysphonia [20], and Johanna and Woo used the peroral approach for cidofovir injec- 
tion in five patients with recurrent respiratory papillomatosis. The authors reported 
successful treatment with improvement in voice function [21]. 

The wide use of the peroral approach in office-based laryngeal surgery is par- 
tially ascribed to the versatility of this approach in allowing access to the glottis and 
supraglottic structures. The shaft of the curved needle introduced orally also may be 
used to retract tissues to improve visualization of the site of injection. Additionally, 
the peroral approach offers direct visualization of the tip of the needle while per- 
forming laryngeal injections. A major limitation in some patients is poor tolerance. 
Patients with hyperactive gag reflex may not be able to tolerate the introduction of 
the curved needle through the oral cavity and are not good candidates for this 
technique. 


Surgical technique: After having applied topical anesthesia to the pharynx and 
larynx (see Chap. 6) and while the patient is in the sitting position leaning forward, 
the tongue is held with the one hand, while the curved needle attached to a syringe 
or orotracheal injector device is introduced with the other hand. The curved needles 
usually are 22- to 25-cm-long. Depending on the material to be injected, needles 
may be from 18 to 27 gauge. The surgeon needs to navigate the tip of the needle 
with extreme caution across the tonsillar pillars down the laryngeal inlet [4-6]. The 
needle may be either disposable or nondisposable [22, 23]. The use of a malleable 
needle easy to curve according to the patient’s anatomy is very helpful in averting 
potential injury to the mucosa. It is important to pass the needle beyond the base of 
tongue under vision. Use of a flexible nasopharyngoscope with a distal chip camera 
guided by an assistant is very helpful. The tip of the endoscope is usually positioned 
behind the palate above the epiglottis. This not only provides a good, wide field of 
view, but it also helps prevent the needle from injuring the laryngoscope. After the 
needle tip enters the laryngeal inlet, the tip of the laryngoscope may be advanced 
closer to the vocal folds. Once the tip of the needle is visualized, it is directed 
toward the site of injection. In patients with glottic insufficiency, the tip of the nee- 
dle is placed just anterior and lateral to the vocal process (Fig. 7.1). In cases of vocal 
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Fig. 7.1 Peroral approach 
in a patient with left vocal 
fold paralysis. A flexible 
endoscopic view showing 
the insertion site of the 
injecting needle within the 
thyroarytenoid muscle and 
lateral to the vocal process. 
Note that the shaft of the 
needle is used to retract the 
false vocal fold laterally. 
Note a polypoid lesion on 
the right vocal fold 


Fig. 7.2 View of the 
flexible endoscope 
introduced through the 
modified oral airway 
(Guedel) 


fold injection with steroid, saline, 5-fluorouracil (5-FU) or other substances, the tip 
is placed in the superficial layer of the lamina propria, whereas in patients undergo- 
ing botulinum toxin injection, the needle is inserted within the body of the medial 
belly of the thyroarytenoid muscle. Alternatively, the injection can be made in the 
false vocal folds as in cases of laryngeal tremor or for other purposes. In patients 
undergoing office-based removal of vocal fold masses using the peroral approach, 
curved instruments (cup forceps, knife, heart-shaped forceps, scissors, etc.) are 
introduced orally instead of the needle [23]. Details about laryngeal biopsy and 
removal of vocal fold masses are available in Chap. 12. 

The transoral flexible endoscopic technique described by Hamdan et al. is used 
less frequently [24]. While the patient is seated and the head in neutral position, 
topical anesthetic in the form of gel or spray is applied to the base of tongue and 
oropharynx. Few minutes later, the patient is instructed to insert the modified Guedel 
oral airway in his/her mouth and bite on it (Fig. 7.2). The flexible nasopharyngo- 
scope with a working channel is then introduced through the modified Guedel oral 
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airway, and more topical anesthetic is administered through the working channel of 
the endoscope. Once the pharyngeal and laryngeal surfaces are anesthetized, the 
flexible needle (size of which varies with the type of injection) is introduced through 
the working channel and directed toward the site of injection (Fig. 7.3). The main 
value of this approach is the use of one route to visualize and operate on the larynx. 
Additionally, the introduction of the needle through the working channel of the 


Fig. 7.3 The endoscope at 
the base of tongue directed 
toward the laryngeal inlet 
(a). The tip of the flexible 
needle inserted lateral to 
the vocal process (b) 
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endoscope avoids any risk of injury to the mucosal lining of the oropharynx, hypo- 
pharynx, and larynx, which may occur inadvertently while using sharp curved 
instruments or needles introduced orally. Of particular importance, this approach 
does not require an assistant, particularly in patients undergoing vocal fold steroid 
injections. The transoral flexible endoscopic approach also may be used in office- 
based laser therapy, particularly in patients with severe septal deviation or patients 
using multiple anticoagulants. The “non-touch” technique allows both patient safety 
and minimal discomfort. A main limitation to this approach is patient tolerance 
particularly in those with hyperactive gag reflex. 


7.2.2 The Transcervical Approach 


The transcervical approach is a viable and safe alternative to the peroral approach. 
It is used commonly for a variety of office-based laryngeal surgical procedures, 
such as injection laryngoplasty in patients with glottic insufficiency, vocal fold ste- 
roid injection in patients with inflammatory laryngeal disorders or scar, and botuli- 
num toxin injection in patients with laryngeal movement disorders [4, 5]. The 
transcervical approach can be performed via three different routes: the cricothyroid 
membrane route, the transthyroid route, and the thyrohyoid membrane route 
(Illustrations 7.1, 7.2, and 7.3). A common limitation to the transcervical approach 
using any of these three routes is the need for an assistant to hold and navigate the 
flexible endoscope during the procedure. 


7.2.2.1 The Transcervical-Cricothyroid Membrane Approach 


The transcervical approach via the cricothyroid membrane is one of the most com- 
monly used approaches in office-based laryngeal injections. It was advocated by 
Blitzer et al. in 1988 for injection of botulinum toxin in patients with laryngeal 
movement disorders [25]. The same approach has been adopted for treatment of 
patients with vocal fold paresis/paralysis and benign vocal fold lesions [4—6, 26— 
28]. In their review of 236 patients who underwent injection laryngoplasty, Sulica 
et al. reported that 47% had their injections done via the cricothyroid membrane 
approach. The authors reported a success rate of 99%, very comparable to that of 
patients whose operations had been performed under general anesthesia [26]. Hsu 
et al. reported the use of the cricothyroid approach in vocal fold steroid injection in 
24 patients with vocal fold polyp. The procedure was completed successfully in 22, 
and complete remission was achieved in 59% of the cases [27]. In another study, 
Woo et al. reported vocal fold steroid injection in 51 patients with exudative lesions 
of the vocal folds and/or scar. Using the cricothyroid approach, complete or partial 
remission was obtained in 34.8% and 49.6% of the cases, respectively [28]. 
Despite the popularity of the cricothyroid membrane approach, a main limitation 
is the inability of the surgeon to visualize the tip of the needle before injecting and 
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Illustration 7.1 Trans- 
cervical thyrohyoid 
approach 
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the limited control in gauging the depth of the needle entry. To that end, the surgeon 
should take into account the different angulations of the needle at its entry site dur- 
ing the procedure. In an anatomical study comparing two cricothyroid approaches 
to the mid-membranous portion of the vocal folds, Panossian et al. reported a sig- 
nificant difference in the insertion angle between the infrathyroid approach and the 
supracricoid approach (22.2 + 6.9 vs. 33.0 + 5.2, respectively). Moreover, the mean 
insertion depth was less in the infrathyroid approach vs. the supracricoid approach 
(11.3 + 1.8 mm vs. 18.2 + 2.4 mm, respectively) [29]. The surgeon also should take 
into consideration anatomic variations across genders. In the abovementioned ana- 
tomic study, the mean distance from the midline to the target site without the need 
for angulation was higher in males than females (5.7 + 0.7 mm vs. 4.8 + 0.8 mm, 
respectively) [29]. In a study by Jin et al. looking at anatomic references for the 
cricothyroid approach using three-dimensionally reconstructed computed tomogra- 
phy, the authors also noted differences in angulation and depth of penetration across 
genders. The depth of penetration, measured by the distance from the surface of 
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Illustration 7.2 Trans- 
cervical cricothyroid 
approach 


injection (7 mm from midline) to the target site of injection (posterior one third of 
the vocal fold), was greater in men than in women (15.75 mm vs. 13.91 mm, respec- 
tively). Similarly, the angle of penetration in the medial direction was more acute in 
women than men (12.71° vs. 10.57°, respectively) [30]. Mau and Courey also found 
gender-related anatomic differences in their cadaveric dissection of human larynges 
[31]. The authors demonstrated that males undergoing injection laryngoplasty 
required almost 50% more filling substance than females. 


Surgical technique: After having applied topical anesthesia to the larynx and 
pharynx, and while the patient is seated with the head relaxed in the neutral posi- 
tion, the cricothyroid membrane is identified, and a 23- or 25-guage needle is intro- 
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Illustration 7.3 Trans- 
cervical transthyroid 
approach: site of entry 


duced gently through the skin and subcutaneous tissue, while a flexible endoscope 
is positioned above the level of the vocal folds to provide visualization. Some very 
experienced physicians perform this procedure without visualization (Fig. 7.4). The 
needle may be straight or bent at its base depending on the surgeon’s preference. 
The entry site may be in the midline or up to about 7-mm off the midline. If the 
needle is introduced at midline, it will enter the lumen and must be directed right or 
left and postero-laterally toward the site of injection. The needle can be introduced 
either just underneath the free edge of the thyroid lamina (the “infrathyroid 
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Fig. 7.4 Percutaneous 
cricothyroid approach. The 
needle is inserted through 
the cricothyroid 
membrane. Note that the 
angle at the entry site can 
vary based on whether the 
entry is adjacent to the 
cricoid cartilage 
(supracricoid) or thyroid 
cartilage (infrathyroid). 
The entry may be in the 
midline or lateral to the 
midline 


approach”) or just above the cricoid cartilage (the “supracricoid approach”) [29]. If 
the needle is inserted lateral to the midline, it can enter the target site without 
transgressing the airway. Once inserted, the needle either penetrates the airway 
toward the opposite site for injection or is directed cephalically and laterally into the 
vocal fold without penetrating the airway. In that case, some surgeons bend the 
needle 45° 1 cm from the tip to facilitate its entry into the vocal fold muscle. In 
patients undergoing injection laryngoplasty, the needle should be directed toward 
the medial belly thyroarytenoid muscle or just lateral to it. In patients undergoing 
vocal fold steroid injection for the treatment of benign lesions of the vocal folds, the 
needle is directed submucosally toward the superficial layer of the lamina propria 
where deposition of the pharmaceutical agent is intended. 


7.2.2.2 The Transcervical-Thyrohyoid Membrane Approach 


The transcervical-thyrohyoid membrane approach was described initially by Getz 
et al. in 2005 in the treatment of a 52-year-old man with recurrent respiratory papil- 
lomatosis. In view of the patient’s intolerance to the peroral approach, cidofovir 
injections were made via the thyrohyoid membrane [32]. In 2006, Amin reported 
the clinical application of this approach in ten patients undergoing injection laryn- 
goplasty and showed marked improvement in VHI-10 score with minimal patient 
discomfort (average 2.1 on a scale of 1-10). The authors reiterated on the main 
advantage of the thyrohyoid approach, namely, the combination of good visualiza- 
tion and improved patient tolerance [33]. Since its inception, the thyrohyoid mem- 
brane approach has been advocated as an alternative to the cricothyroid membrane 
approach in patients undergoing injection laryngoplasty, vocal fold steroid injec- 
tion, and botulinum toxin injection. Woo et al. investigated the effectiveness of 
injection laryngoplasty using the thyrohyoid membrane approach in comparison to 
the cricothyroid membrane approach in 64 patients with glottic insufficiency. All 
patients underwent a comprehensive voice evaluation that included laryngeal 
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video-stroboscopic examination, acoustic analysis, perceptual evaluation, and self- 
report questionnaire. The results were comparable in both groups, and significant 
improvement was noted in all voice outcome measures [34]. In a review by Sulica 
et al. on current practice in injection laryngoplasty, 21% of their office procedures 
were performed using the thyrohyoid membrane approach. The results were compa- 
rable to those who were operated upon under general anesthesia [26]. The thyrohy- 
oid membrane approach also has been advocated for vocal fold steroid injection. 
Woo et al. used the thyrohyoid membrane approach to treat 41 patients with various 
benign vocal fold lesions. All patients had successful vocal fold injection with 
0.15-0.20 ml of triamcinolone acetonide (40 mg/ml) [28]. 

Despite the advantages of the thyrohyoid membrane approach, namely, adequate 
visualization of the laryngeal lumen with flexible laryngoscopy and good patient 
tolerance, this approach has its limitations, the most important of which is limited 
access to the most anterior portions of the vocal folds [35, 36]. According to a study 
by Rees et al., 13% of 55 injection laryngoplasty performed using the thyrohyoid 
membrane approach had to be aborted because of “inability to achieve an appropri- 
ate injection angle” [37]. Another limitation to this approach is the difficulty in 
introducing the needle through a calcified thyrohyoid membrane commonly encoun- 
tered in elderly patients. These limitations have prompted the need for modifica- 
tions to this approach. Achkar et al. described bending the needle in order to 
circumvent the limited access of a straight needle to the anterior one third of the 
vocal fold. Two 45-degree bends, one placed at the hub of the needle and the other 
1-1.5 cm from the tip, allow the surgeon to gain better access to the anterior glottis 
as well as the false vocal folds. Another value to this modification is the ability to 
gauge the depth of injection. The bend | cm away from the tip allows the surgeon to 
estimate with some accuracy how deep the injection is made. A major drawback is 
the difficulty in maneuvering the bended needle through the skin and subcutaneous 
tissue while directing the needle to the site of injection [38]. Based on the author 
experience (ALH and RTS), bending the needle 45° at the mid-length of the needle 
instead of bending it at the hub allows better handling of the needle at the insertion 
while improving access to the anterior one third of the vocal fold. Another modifica- 
tion to the thyrohyoid membrane approach was reported by Clary et al. The authors 
described the use of an 18-gauge needle as an introducer through which a 25-gauge 
needle is used to perform the injection. The 18-gauge needle is introduced through 
the thyrohyoid membrane at the level of the thyroid notch. The authors reported 
their experience in 21 patients with glottic insufficiency who had undergone injec- 
tion laryngoplasty using the laryngeal introducer technique and reported good 
patient tolerance and favorable voice outcome [39]. The procedure was completed 
successfully by 71.4% of the physicians. Moreover, close to 90% of the patients 
expressed their willingness to repeat the procedure. The main advantages of using 
the introducer included the ease of insertion, the need to puncture the thyrohyoid 
membrane only once, and the increased accessibility to the anterior aspect of the 
vocal folds by curving the needle. This approach also helps overcome the problem 
of thyrohyoid membrane calcification by using a thicker and less pliable needle. The 
author (RTS) also has addressed this issue using a spinal needle with the obturator 
in place during the insertion. 
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Surgical technique: After having anesthetized the larynx and pharynx, and while 
the patient is seated and the neck extended, the skin and subcutaneous tissues at the 
thyrohyoid notch are identified and infiltrated with topical anesthetic (0.5 cc of 1% 
lidocaine mixed with 1:100,000 epinephrine). Some surgeons do not use topical 
skin anesthesia, although anesthesia of the laryngeal mucosa is necessary. A flexible 
nasopharyngoscope is introduced in the nose/nasopharynx and held behind the soft 
palate while a 22- to 25-guage, 1.5-inch-long needle is inserted just above the thy- 
roid notch into the thyrohyoid membrane and laryngeal lumen. The needle is then 
directed downward and posteriorly (Fig. 7.5). In some cases, it may need to be bent 
in order to gain access especially anteriorly, for the injection. The needle should 
penetrate the pre-epiglottic space at the petiole into the laryngeal lumen and then be 
directed laterally toward the site of injection. In patients with vocal fold paresis/ 
paralysis undergoing injection laryngoplasty, the needle is directed posteriorly and 
laterally into the posterior one third of the vocal fold (Fig. 7.6, Videos 7.1 and 7.2). 
In patients with spasmodic dysphonia undergoing bilateral botulinum injections, the 
neurotoxin is placed in the mid-third of the vocal fold, lateral to the vocal ligament 
in the medial belly of the thyroarytenoid muscle. Similarly, in patients undergoing 
vocal fold steroid injection for androphonia, the needle is inserted at the mid-third 
of the vocal fold (Fig. 7.7, Video 7.3). In patients with benign vocal fold lesions or 
scar, the needle is inserted in the lamina propria near the free edge of the vocal fold 
(Fig. 7.8). In patients with vocal process granuloma, the needle for botulinum toxin 
injection is directed posteriorly into the inter-arytenoid muscle (ALH), (Fig. 7.9) or 
laterally for injection into the lateral cricoarytenoid (LCA) muscle (RTS). LCA 
injection generally can be performed more easily through the cricothyroid mem- 
brane than the thyrohyoid membrane; and the author (RTS) used laryngeal electro- 
myographic guidance for these injections. 


Fig. 7.5 Percutaneous 
thyrohyoid approach using 
a 23 G x 2°". The site of 
entry is at the thyroid 
notch. Note the angulation 
of the needle. The needle 
can be bent 10—20° at its 
hub to facilitate the 
approach 
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Fig. 7.6 Percutaneous 
thyrohyoid membrane 
approach injection 
laryngoplasty. (a) Posterior 
injection of the filling 
substance, (b) more 
anterior injection of the 
filling substance 


Fig. 7.7 Percutaneous 
thyrohyoid injection of 
steroid at mid-third of the 
right thyroarytenoid 
muscle 
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Fig. 7.8 Percutaneous 
thyrohyoid injection of 
Dexamethasone 0.1 mg/cc 
within the superficial layer 
of the lamina propria of (a) 
the left vocal fold in a 
patient with bamboo nodes 
and (b) right vocal fold 


Fig. 7.9 Percutaneous 
injection of botulinum 
toxin into the 
interarytenoid muscle in a 
patient with right vocal 
process granuloma. Some 
surgeons prefer to inject 
the lateral cricoarytenoid 
muscle; The thyroarytenoid 
muscle is targeted by many 
surgeons as well 
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7.2.2.3 The Transcervical-Transthyroid Cartilage Approach 


Another option for office-based laryngeal surgery is the transthyroid approach. It is 
used mostly for injection laryngoplasty for the treatment of vocal fold paresis/paral- 
ysis and/or glottic insufficiency due to other causes such as presbylarynx and less 
frequently for vocal fold injection of pharmaceutical agents. The main advantage of 
this approach is that the needle remains submucosal without entering the laryngeal 
lumen. Moreover, the distance travelled from the point of skin penetration to the site 
of injection is shorter than the distance covered using the cricothyroid or thyrohyoid 
membrane approach. However, a major limitation to the transthyroid approach is 
calcification of the thyroid cartilage which may prohibit the introduction of the 
needle. In a study on the anatomical evolution of the thyroid cartilage using comput- 
erized tomography, Glikson et al. reported increased calcification of the thyroid 
cartilage with aging. The degree of calcification varies across gender and is a con- 
tinuum throughout the years of puberty and adulthood [40]. Age-associated changes 
have been reviewed in detail by Sataloff et al. [41], and it is helpful for surgeons to 
understand anatomic changes over the lifespan. 


Surgical technique: After having administered topical anesthesia to the upper air- 
way and while the patient is seated and the head in neutral position, the skin and 
subcutaneous tissues at the site of the thyroid ala may be infiltrated with 1% or 2% 
lidocaine mixed with 1:100,000 epinephrine. Some surgeons do not use local anes- 
thesia to the skin. A 22- to 25-gauge needle is then inserted in a plane perpendicular 
to the thyroid lamina into the thyroid cartilage at the level of the vocal folds 
(Fig. 7.10). Mucosal puncture secondary to “past-pointing” should be avoided or 
detected by watching for any brisk movement while penetrating the thyroid lamina. 
The correct position of the needle is estimated best by inducing movement to the 
overlying vocal fold tissue visualized through a flexible laryngoscope, although 
some experienced surgeons perform this technique without laryngoscope monitor- 
ing. The flexible endoscope, when used, is positioned above the laryngeal inlet at 


Fig. 7.10 Transthyroid 
cartilage approach. Note 
that the angle between the 
needle and the thyroid 
lamina is almost 90°. Note 
also that the entry site is 
few millimeters above the 
lower free edge of the 
thyroid lamina 
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the start of the procedure. The surgeon should avoid exerting excessive pressure 
while injecting. This may occur inadvertently if the tip of the needle gets obstructed 
with cartilage fragments during its insertion through the thyroid lamina. 


7.2.3 The Transnasal Approach Using a Flexible 
Nasopharyngoscope with a Working Channel 


The transnasal approach using a flexible nasopharyngoscope with a working chan- 
nel has enabled otolaryngologists to diagnose and treat patients with numerous 
laryngeal disorders. The working channel allows the introduction of cup forceps or 
flexible “handles” for laryngeal tissue biopsy, as well as “flexible” needles for the 
purpose of various injections. The injected substances include augmentation mate- 
rial in patients with glottic insufficiency, steroids (or other medications), or cidofo- 
vir in patients with benign vocal fold lesions or recurrent respiratory papillomatosis 
and botulinum toxin in patients with laryngeal movement disorders. In 2005, Trask 
et al. reported their experience using the transnasal approach in 20 patients undergo- 
ing injection laryngoplasty in an office setting. The injection was successful in all 
the cases except one who needed a tracheotomy [42]. Similarly, Hamdan et al. 
reviewed the voice outcome of 16 patients with glottic insufficiency treated with 
transnasal injection laryngoplasty and reported complete or partial closure of the 
glottic gap with significant increase in the mean closed quotient using frame by 
frame analysis [43]. The transnasal approach also has been used for vocal fold ste- 
roid injection [43—47]. In a systematic review and meta-analysis that included 321 
patients with vocal fold benign lesions or scar, Wang et al. reported the successful 
use of office-based steroid injection using the transnasal route. There was signifi- 
cant improvement in voice outcome measures, such as voice handicap index and 
maximum phonation time [44]. In another study on the long-term success rate and 
recurrence rate following office-based steroid injection using the transnasal route, 
the same authors reported significant symptom resolution in 74.6% of the cases with 
a recurrence rate of 17% at 12-month follow-up [45]. The transnasal endoscopic 
route has revolutionized office-based laser therapy in patients with benign, prema- 
lignant, and malignant laryngeal lesions. The ability to slide the laser glass fiber in 
the working channel of the endoscope has enabled otolaryngologists to treat laryn- 
geal lesions that previously were inaccessible in an office setting. Koufman et al. 
reported their successful experience with 443 laryngotracheal cases who underwent 
unsedated office-based laser therapy using three different wavelengths with no 
major complications [48]. Zeitels et al. concurred about the effectiveness of office- 
based laryngeal surgery and the promising use of photo-angiolytic lasers in the 
treatment of epithelial and subepithelial vocal fold lesions [49]. Similar results were 
described by numerous authors establishing the feasibility, safety, and value of laser 
therapy using the transnasal flexible endoscope [50, 51]. A thorough review of 
unsedated, office-based laser therapy is found in Chap. 12. 
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Surgical technique: While the patient is seated and the head in its neutral position 
and after having administered topical anesthesia to the nose, pharynx, and larynx, 
the fiberoptic nasopharyngoscope with a working channel is introduced gently 
through the nose and passed through the nasopharynx, oropharynx, and hypophar- 
ynx into the laryngeal inlet until the vocal folds are visualized well. In patients 
undergoing injection laryngoplasty, a 19-guage flexible needle attached to a syringe 
filled with the injectable material is introduced thru the working channel of the flex- 
ible endoscope until the tip of the needle is visualized. At that time, the flexible 
endoscope is advanced, and the tip of the needle is directed toward the site of injec- 
tion. In patients with vocal fold paresis/paralysis, the needle is directed toward the 
posterior one third of the vocal fold and inserted just anterior to the vocal process 
and lateral to the thyroarytenoid muscle (Fig. 7.11, Video 7.4). In patients with glot- 
tic insufficiency secondary to vocal fold atrophy or scar, the needle is directed 
toward the mid-third of the vocal fold or lateral to the site of scar where the filling 
material is injected. In patients with laryngeal papilloma, or benign lesions of the 
vocal folds, a 25-gauge flexible needle is directed toward the lesion where the phar- 
maceutical agent (steroids or nonsteroidal agent) is to be injected (Fig. 7.12, Video 
7.5). A submucosal bleb at the site of injection is usually a sign that the injection has 
been successful. In patients undergoing laser therapy, the surgeon must ensure that 
the glass fiber is introduced while holding the flexible nasopharyngoscope straight 
with no bending. This is usually accomplished by introducing the glass fiber before 
the endoscope is inserted, keeping the tip of the fiber just inside the distal tip of the 
working channel while it is still in the nasal cavity. Otherwise, injury to the working 
channel may occur (Figs. 7.13 and 7.14). 

In summary, office-based laryngeal surgery has become a mainstay treatment 
option in patients with voice disorders. Three different approaches can be used and 
these include the peroral, the transcervical, and the transnasal approaches. The 
choice of approach hinges on the surgeon’s expertise, patient tolerance, anatomic 
variations, and the pathology being treated. A cooperative patient is key for the 


Fig. 7.11 Transnasal 
approach in injection 
laryngoplasty. Note the 
insertion point of the 
needle lateral to the vocal 
process 
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Fig. 7.12 Transnasal 
approach in vocal fold 
steroid injection in a 
patient with (a) left vocal 
fold nodule, (b) left vocal 
fold scar 


Fig. 7.13 Laser glass fiber 
seen at the tip of the 
flexible endoscope in the 
nasal cavity. Note that the 
laser tip is kept inside the 
working channel when the 
endoscope is approaching 
the laryngeal inlet 
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Fig. 7.14 An endoscopic 
view showing Blue Laser 
glass fiber in the treatment 
of a patient with left vocal 
fold leukoplakia 


success of any office-based laryngeal procedure. Preoperative patient counseling, 
proper administration of topical anesthesia to the upper airway, and detailed descrip- 
tion of the various steps of the approach to be used are crucial. Administration of an 
anxiolytic or sedative the night before the procedure and/or in the morning of the 
day of the procedure is optional. It is usually left at the discretion of the surgeon 
based on his assessment of the patient’s level of tolerance. 
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Chapter 8 A 
Office-Based Injection Laryngoplasty get 


8.1 Introduction 


Injection laryngoplasty was introduced by Bruening in 1911 and later revisited by 
Arnold for the management of patients with unilateral vocal fold paralysis [1, 2]. 
The rationale of injection laryngoplasty is to push the vocal fold medially to improve 
glottic closure and improve phonation and swallowing. Phonatory symptoms such 
as breathiness, loss of volume, and inability to cough effectively that often arise 
because of incomplete closure of the vocal folds improve following successful 
injection. As the larynx plays a role in controlling the amount of air exhaled and 
alveolar expansion, complaints of dyspnea and shortness of breath also are attenu- 
ated. Moreover, the laryngeal “sphincter-like closure” improves during swallowing 
postinjection, improving dysphagia and aspiration [3]. Since its inception more than 
100 years ago, the indications for injection laryngoplasty have expanded to include 
other causes of glottic insufficiency. Patients with vocal fold paresis, atrophy, 
bowing, elected cases of scar and/or sulcus vocalis, and other causes of glottic 
insufficiency benefit from this procedure. However, disturbed sound quality 
from derangement in the layered structure of the vocal fold edges may persist 
because injection laryngoplasty does not address the suppleness of the vocal fold 
directly [3, 4]. 

The change in clinical indications for injection laryngoplasty has led to refine- 
ments in the surgical technique and material injected. In addition to the traditional 
peroral approach, several other approaches have been described, the most common 
of which is the transcervical approach, via the thyroid cartilage referred to as trans- 
thyroid (TT), via the thyrohyoid membrane (TH), or via the cricothyroid membrane 
(CT) and the transnasal fiberoptic approach using a flexible endoscope with a work- 
ing channel. The choice of approach depends on the patient’s tolerance and ana- 
tomic variations, physician’s expertise, the viscosity and volume of the material to 
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be injected, and last but not least the availability of resources [4—6]. A detailed 
description of the operative approaches and surgical techniques is available in Chap. 
7 of this book. In parallel with the evolution in the surgical approaches and tech- 
niques, different types of injectate substances have been introduced, each with its 
advantages and limitations. In 1955, Arnold used cartilage and bone dust with the 
purpose of circumventing the adverse effects of paraffin reported initially by 
Bruening [1]. More than a decade later, Teflon paste (Teflon particles mixed with 
glycerine) was introduced as another filling substance. It was used for more than 
two decades but was abandoned in the 1980s due to its limited success particularly 
in patients with vocal fold atrophy and/or scar and its local and distant complica- 
tions, especially Teflon granuloma. The failures were ascribed to over injection and/ 
or wrong placement of the injectate within the vocal fold which led to alteration in 
the vibratory behavior of the vocal fold. Additionally, postinjection complications 
such as extrusion and inflammation at the site of injection were reported by many 
[7-10]. Inflammation in the form of Teflon granuloma appeared in some patients 
years after injection and was difficult to treat. The limitations in the use of Teflon led 
the search for alternative substances, such as collagen, fat, hyaluronic acid, and 
calcium hydroxylapatite (CaHA) [3, 11]. The main challenges in finding the ideal 
filling substance were biocompatibility, availability, ease of harvesting, and cost. 
The choice of injection material also varied with the desired duration of effect. 
Injection laryngoplasty may be temporary if recovery within 1 year is anticipated or 
maybe long-lasting for patients with transection to the recurrent laryngeal nerve. 

This chapter reviews the timing for injection laryngoplasty, the surgical out- 
comes, and complications reported with the use of different substances. The impact 
of age, gender, and other patient-related factors are stressed. 


8.2 When to Perform Injection Laryngoplasty? 


Injection laryngoplasty is one of many options offered to patients with vocal fold 
paresis or paralysis. Traditionally, affected patients are observed for a period of 
6 months to | year before any permanent surgical intervention is contemplated. 
During the observation period, the surgeon watches for laryngeal and electromyo- 
graphic signs of spontaneous recovery and/ or compensation that may affect the 
position of the paralyzed and contralateral vocal fold [3, 12]. If symptoms are trou- 
blesome, early injection medialization may be appropriate using materials that 
resorb within weeks to months. Given that vocal fold paralysis is not “an all or 
none” phenomenon, as stated by Woodson in her review on the evolving concepts of 
laryngeal paralysis, the position of the vocal fold following paralysis changes [12]. 
The dynamic change in position is ascribed to the persistent synchronous innerva- 
tion of the thyroarytenoid muscle. Laryngeal electromyographic studies by Blitzer 
et al. [13] and by Sataloff et al. [14] assert that the thyroarytenoid muscle of a “para- 
lyzed” vocal fold usually is active and not silent. Nevertheless, the laryngeal synki- 
nesis is not always a “good synkinesis” that helps restore the vocal fold to its 
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phonatory position. In many instances, the synkinesis is only responsible for main- 
taining the bulk of the paralyzed vocal fold [12—14], and it can even impair vocal 
fold motion. 

Based on the above, physicians are reluctant to perform permanent medialization 
procedures early after the injury, except in selected patients in whom recurrent 
laryngeal nerve resection or transection has been documented. Alternatively, 
patients are started on voice therapy that aims at eliminating hyperfunctional com- 
pensation and optimizing glottic closure. The increased understanding of the link 
between body kinetics and laryngeal behavior has hastened recovery by enabling 
voice therapists and speech-language pathologists use body gestures in their treat- 
ment. A major limitation of voice therapy is the need for long-term patient commit- 
ment and compliance [15, 16]. The outcome of voice function exercises hinges on 
patient’s collaboration and perseverance. Over the last two decades, injection laryn- 
goplasty has gained popularity to be used in conjunction with voice therapy and 
sometimes as an alternative to voice therapy, particularly in patients who fail to 
commit to treatment. Injection laryngoplasty often offers immediate relief of phona- 
tory and swallowing disturbances in affected patients. More widespread use of 
injection laryngoplasty as the first line of therapy in affected patients has been based 
on the assumption that early intervention may obviate the need for permanent medi- 
calization [17, 18], although this concept remains controversial. The impact of tem- 
porary injection laryngoplasty on the long-term need for permanent medicalization 
has been an issue of debate in the literature. In 2011, Yung et al. reported a lower 
rate of permanent medicalization in patients with vocal fold paralysis who under- 
went injection laryngoplasty in comparison to those who did not. The lower rate of 
permanent medialization has been attributed to vibro-tactile feedback from the 
opposite mobile vocal fold. This feedback hypothetically promotes or enhances 
reinnervation. Hence, putting the vocal fold in phonatory position by temporary 
medicalization may allow a more “favorable” synkinetic reinnervation and recov- 
ery. This explanation remains hypothetical given the lack of electromyographic evi- 
dence to support it. A second hypothesis put forward by the authors is that fibrosis 
at the site of the injectate may be partially responsible for the adducted position of 
the vocal folds on long-term follow-up. The augmentation materials used in their 
study were Cymetra (LifeCell, Branchburg, NJ), Restylane (Medicis, Aesthetics, 
Scottsdale, AZ), and Radiesse voice gel (Merz Aesthetics, San Mateo, CA) [17]. 
This last hypothesis is supported partially by the study of Milstein et al. on the long- 
term effect of Cymetra in injection laryngoplasty [19] and also by a histologic study 
on a rabbit model documenting fibroblast recruitment and the ingrowth of connec- 
tive tissue at the site of hyaluronic acid injection, leading to an endogenous kind of 
augmentation [20]. The findings of Yung et al. were supported by Prendes et al. in 
2012. The authors noted that patients with unilateral vocal fold paralysis who had 
undergone injection laryngoplasty (n = 14) had less need for medialization laryngo- 
plasty (ML) in comparison to a control group (n = 24) with unilateral vocal fold 
paralysis who were just observed (29% vs. 75%, respectively). Those who under- 
went injection laryngoplasty had significant improvement in 11/18 of the laryngo- 
scopic criteria and in almost half of the CAPE-V parameters [18]. However, in 
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2016, Francis et al. conducted a retrospective study on a cohort of 633 patients with 
unilateral vocal fold paralysis and showed that early injection laryngoplasty did not 
reduce the need for laryngeal framework surgery long term. Stepwise multivariate 
logistic regression analyses were used by the authors to determine the odds of need- 
ing laryngeal framework surgery in patients who had undergone injection laryngo- 
plasty [21]. Similarly, Merea et al., in their investigation of 135 patients who 
underwent medicalization laryngoplasty, half of whom had prior injection laryngo- 
plasty, reported no effect of previous injection laryngoplasty or the time interval 
between the injection and medicalization on the outcome of medicalization laryngo- 
plasty. Moreover, the amount of injectate used had no impact on the revision rate 
[22]. In a meta-analysis that included 275 patients with UVFP, Vila et al. explored 
whether performing vocal fold injection laryngoplasty within 6 months following 
vocal fold paralysis decreased the need for thyroplasty. The result of the analysis 
showed that the overall pooled relative risk of thyroplasty in those who had under- 
gone injection (4.5 months as mean time from diagnosis) was 0.25, i.e., those who 
had no injection were four times more likely to undergo thyroplasty. The authors 
alluded to the benefit of early injection in patients with unilateral vocal fold paraly- 
sis and concluded that otolaryngologists should advocate injection laryngoplasty 
within 6 months from the time of [23]. 

In summary, patients with unilateral vocal fold paralysis or glottic insufficiency 
are offered various treatment options. These include observation for signs of recov- 
ery and/or compensatory movement, voice and swallowing therapy, and injection 
laryngoplasty. Early injection usually is advocated despite the lack of consensus on 
its benefit in obviating the need for permanent medicalization surgery. Medialization 
with laryngeal framework surgery usually is reserved for patients with persistently 
symptomatic glottic insufficiency, at least 6-12 months after the time of nerve injury. 


8.3 Voice Outcome Following Injection Laryngoplasty 


There are a growing number of reports on the short and long-term outcome of injec- 
tion laryngoplasty in patients with vocal fold paresis/paralysis and/or glottic insuf- 
ficiency. In 1999 Berke et al. conducted a retrospective study looking at the outcome 
of injection laryngoplasty in 35 patients with Parkinson’s s disease and hypophonia. 
Using a telephone survey, the authors reported a success rate of 75%. Nevertheless, 
one out of five needed repeated injections after 15 days to optimize the benefit. The 
injections were done using collagen that was injected percutaneously under fiberop- 
tic guidance [24]. In 2005, Milstein et al. investigated the longevity of micronized 
Alloderm (Cymetra) in injection laryngoplasty in 20 patients with unilateral vocal 
fold paralysis. At a mean follow-up of 11.2 months, the authors noted significant 
improvement in glottal closure, vocal fold bowing, and voice quality. These were 
accompanied by improvement in quality of life which was long-lasting in three 
fourths of the study group [19]. In 2007, Luu et al. reviewed their experience with 
1290 injection laryngoplasties using cross-linked dermal bovine collagen and 
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reported a success rate of 83.9%. Two hundred patients of their study group had 
either worsening or no change in voice quality. Patients were assessed 2—3 months 
following the injection using a self-reported questionnaire and laryngeal videostro- 
boscopy [25]. In 2008, Kimura et al. reported subjective and objective improvement 
3 months post-surgery in155 out of 275 patients. The patients were evaluated using 
GRBAS, acoustic analysis, and aerodynamic measurements [26]. In another study, 
Min et al. investigated the long-term results of Artecoll (polymethyl methacrylate 
microspheres mixed with bovine collagen) injection laryngoplasty in 96 patients 
with unilateral vocal fold paralysis and reported significant improvement in the sub- 
jective grading of voice quality and in patient-related score of hoarseness. 
Additionally, there was an increase in maximum phonation time (MPT) and a 
decrease in jitter, shimmer, and noise-to-harmonic ratio. The postinjection improve- 
ment lasted 12 months [27]. Similarly, Dursun et al. in 2008 examined the long-term 
results of injection laryngoplasty in a subgroup of patients with glottic bowing and/ 
or sulcus vocalis and noted improvement in dysphonia, roughness, and breathiness 
and a significant increase in MPT, and a decrease in jitter. Patients were followed up 
between 1 and 7 years [28]. In 2008, Sulica et al. conducted a multi-institutional 
review of 460 injections laryngoplasty, half of which (51%) were performed on 
awake patients, and they reported a success rate of 99%. The most common indica- 
tions for injection laryngoplasty were paralysis (54%), paresis (21%), and atrophy 
(15%). The most common filling materials used in the office setting were methyl- 
cellulose in 35% and bovine collagen in 28%. In conclusion, the authors noted the 
high success rate of office-based procedures and their fast adoption in clinical prac- 
tice [6]. In 2009, Gillespie et al. reviewed the outcome of 39 patients who had 
undergone injection laryngoplasty using calcium hydroxylapatite (CaHA) and 
reported improvement in the mean VHI score (61.2 + 24 vs. 35.9 + 26.3,). The mean 
follow-up period was 17.8 + 13.6 months [29]. In 2011, Carroll and Rosen reviewed 
the long-term effectiveness of CaHA using the VHI-10 questionnaire as a primary 
outcome measure and reported an average length of benefit of 18.6 months (range 
8-36 months) [30]. In 2012, Choi et al. reported improvement in 44 of 59 patients 
with unilateral vocal fold paralysis who underwent injection laryngoplasty using 
Artecoll (polymethyl methacrylate microspheres mixed with bovine collagen) [31]. 
In 2013, Wen et al. investigated the outcomes of injection laryngoplasty in 60 
patients who had undergone vocal fold augmentation using either cross-linked por- 
cine collagen (n = 33) or hyaluronic acid (n = 27) and reported significant improve- 
ment in MPT and self-reported voice outcome with a mean symptom-free duration 
of 10.9 months in the former group and 14.4 months in the latter. The authors noted 
no significant difference between those who were injected with porcine collagen 
and those injected with hyaluronic acid [32]. In 2013, Birkent et al. reviewed 35 
cases of percutaneous injection laryngoplasty and reported improvement in all 3 
components of the VHI, CAPE-V, as well as GRBAS perceptual evaluation except 
for roughness. The authors noted the effectiveness of injection laryngoplasty in the 
management of glottal insufficiency and in meeting patient’s expectations at 
2 months follow-up [33]. That same year, Jamal et al. investigated the outcome of 
100 cases of glottal incompetence who had undergone injection laryngoplasty and 
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reported a success rate of 96%. The injections were performed percutaneously using 
bovine collagen. The most common etiology of glottal incompetence was vocal fold 
paralysis in 76%, followed by atrophy in 13% and paresis in 5% of the cases [34]. 
In 2013, Woo et al. conducted a comparative study on 64 patients who had under- 
gone injection laryngoplasty using either the CT membrane approach (n = 30) or the 
TH membrane approach (TH) and reported comparable outcomes with both 
approaches. The authors concluded that the TH membrane approach is a good alter- 
native to CT membrane approach in the management of patients with unilateral 
vocal fold paralysis [35]. In 2014, Powell et al. assessed the self-reported symptoms 
and perceptual evaluation of 57 patients with glottic insufficiency who had under- 
gone injection laryngoplasty and reported a decrease improvement in the median 
voice performance questionnaire score (42 preoperative vs. 21 postoperative). 
Additionally, there was an improvement in the grade of dysphonia and other percep- 
tual rating parameters. Patients were evaluated before and 2 weeks after the injec- 
tion [36]. In 2014, Halderman et al. reported their experience with 64 patients who 
underwent 82 injection laryngoplasties using Restylane. The overall success rate 
was 94%, and the mean duration of benefit of the injection was 12.2 weeks [37]. In 
2015, Sardesai et al. reported the voice outcome of 35 patients who had undergone 
awake office-based injection laryngoplasty and noted a change in the mean of VHI 
and CAPE-V by 19.9 and 15.5, respectively, in male and 24.0 and 15.8, respectively, 
in females [38]. In 2017, McLaughlin et al. reviewed 53 patients with unilateral 
vocal fold paralysis, 19 of whom underwent injection laryngoplasty using a tempo- 
rary agent, 8 had injection laryngoplasty followed by permanent medicalization, 
and 20 had permanent medicalization. Of the total group, six had only conservative 
(nonsurgical) management. There was no significant difference in normal glottal 
gap area (NGGA) and CAPE-V scores among the three subgroups who had an inter- 
vention. All subgroups had improvement in NGGA and CAPE-V scores at the last 
follow-up which ranged between 19.4 and 28 months [39]. Sielska-Badurek et al., 
in 2017, reported a comprehensive voice evaluation of 14 patients who underwent 
injection laryngoplasty using CaHA and showed complete glottic closure with 
improvement in all voice quality parameters. These included vocal loudness, MPT, 
acoustic parameters, and the GRBAS subjective evaluation [40]. In 2018, Hu et al. 
investigated the outcomes of office-based autologous fat injection laryngoplasty in 
23 patients under the age of 50 years with glottic insufficiency and reported signifi- 
cant improvement in VHI-10, grade of dysphonia, breathiness, noise-to-harmonic 
ratio, and jitter at 6 months [41]. In 2018, Maccarini et al. reported their experience 
with transnasal fiberendoscopic injection laryngoplasty using centrifuged autolo- 
gous fat in 22 patients with unilateral vocal fold paralysis and reported significant 
improvement in all but | of their study group. The patients were evaluated using 
laryngeal videostroboscopy, maximum phonation time, and perceptually 1 week 
and 6 months after the injection [42]. Similarly, in 2018, Hamdan et al. reported 
their experience using the same approach in 46 patients with glottic insufficiency. 
Using hyaluronic acid as an injectate, the authors noted significant improvement in 
the mean VHI-10 score, as well as in the perceptual evaluation parameters. There 
was also an increase in the closed quotient from 0.19 preinjection to 0.46 
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postinjection [43]. In a study on the safety of injection laryngoplasty while taking 
antithrombotic therapy, Sato et al. reported optimal results in 17 patients who under- 
went 47 injection laryngoplasty. Only three cases of bleeding were observed [44]. 
In 2019, Bertroche et al. studied the longevity of injection laryngoplasty using hyal- 
uronic acid and reported a mean duration of 10.6 months. The latter was defined as 
the interval time between the injection and the date when improvement started fad- 
ing. There was improvement in the mean VRQOL (49.2 preinjection vs. 68.2 postin- 
jection) [45]. In 2020, Jeong et al. investigated the value of voice therapy (VT) 
following injection laryngoplasty. The study showed that those who had VT had 
significantly more reduction in shimmer, jitter and noise-to-harmonic ratio, and pro- 
longation in maximum phonation time more than those who did not. The authors 
advocated voice therapy in patients undergoing injection laryngoplasty [46]. 
Novakovic et al. expanded the indication of injection laryngoplasty to include mus- 
cle tension dysphonia. Interestingly, the authors noted a decrease in VHI-10 score 
even in patients with no glottis insufficiency at the time of diagnosis [47]. Last but 
not least, Wang et al. conducted a systematic review on the use of hyaluronic acid in 
injection laryngoplasty and reported significant improvement in both objective and 
subjective voice measures. The authors noted prolongation of the maximum phona- 
tion time, improvement in glottic closure, and perceptual voice parameters. The 
duration of improvement varied across different studies [48]. 

Injection laryngoplasty has also been shown to improve dysphagia and aspira- 
tion. Numerous authors reported significant improvement in swallowing following 
medialization procedures in patients with unilateral vocal fold paralysis. In 2018, 
Zuniga et al. studied the impact of injection laryngoplasty on swallowing in 21 
patients with vocal fold immobility and reported significant improvement in the 
median eating assessment score and the functional oral intake scale score. The 
authors reiterated the effectiveness of injection laryngoplasty in reducing the risk of 
aspiration [49]. Anis and Memon assessed the impact of injection laryngoplasty on 
swallowing in 21 patients and reported improvement in 76% of those who had dys- 
phagia before injection. The decrease in the mean score of EAT-10 was significant 
(17.0 preoperative vs. 4.2 postoperative, respectively) [50]. In another study, Han 
et al. investigated the impact of injection laryngoplasty on functional oral intake in 
six patients with long-standing history of aspiration. The authors reported an 
increase in mean inspiratory and expiratory pressure and an increase in mean peak 
cough flow. The authors concluded that injection laryngoplasty is an effective 
adjunctive treatment modality for patients with glottis insufficiency [51]. These 
findings concur with those of Chen et al. in 2018 who advocated early injection 
laryngoplasty in patients with vocal fold immobility secondary to thoracic aortic 
repair. The study, which included 35 patients, showed that those who had early 
injection had fewer pulmonary complications than those who had late injections 
(20% vs. 50%, respectively) and shorter length of stay (13 days vs. 20 days, respec- 
tively) [52]. In 2020, Choi et al. investigated the outcome of additional injection 
laryngoplasty in 76 patients with unilateral vocal fold paralysis who had undergone 
previously the same procedure. The authors reported significant improvement in 
aspiration. Moreover, there was a significant improvement in the overall grade of 
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dysphonia and roughness, as well as in VHI-30 score [53]. In 2020, Pan and 
Sadoughi in their systematic review on the effect of injection laryngoplasty on aspi- 
ration reported improvement in penetration aspiration scores and diet intake in the 
majority of the studies. Nonetheless, the authors noted the lack of a control group in 
all the studies reviewed and the need for more robust investigations to draw 
evidence-based conclusions [54]. 

In summary, the short- and long-term results of injection laryngoplasty per- 
formed in patients with unilateral vocal fold paralysis or glottic insufficiency are 
satisfactory. There is a significant improvement in self-reported phonatory symp- 
toms as well as in subjective and objective voice assessment. There is also a signifi- 
cant improvement in swallowing symptoms such as dysphagia and aspiration. The 
duration of improvement varies with the type of augmentation material used. 


8.4 Factors Affecting the Outcome of Office-Based 
Injection Laryngoplasty 


8.4.1 Effect of Age on the Outcome of Office-Based 
Injection Laryngoplasty 


Age has a significant impact on musculoskeletal structures. With aging, there is a 
decrease in muscle mass and density and an increase in fibrosis and intramuscular 
lipid deposition [55]. The decrease in muscle density is attributed to alteration in 
neuromuscular synaptic architecture and decrease in microcirculation [56]. As a 
musculoskeletal structure, the larynx is equally affected by aging [57]. Davids et al. 
reviewed the current trends of dysphonia in patients above the age of 65 years and 
reported a prevalence of 58%, with vocal fold atrophy being the most common 
cause [58]. Similarly, Marino and Johns stressed the multifaceted etiology of dys- 
phonia in the elderly patient, the psychosocial associated challenges, and the need 
for a multidisciplinary approach to manage the aging voice [59]. The change in 
voice quality with aging is attributed to both morphologic and histologic changes. 
In their review of muscle function with aging, Thomas et al. reviewed the metabolic, 
neurologic, and hormonal changes responsible for remodeling of the thyroarytenoid 
muscle and the decline in its function [57]. Ziade et al. reported significant differ- 
ences in the computerized tomographic (CT) attenuation (using Hounsfield units 
(HU)) of the thyroarytenoid (TA) muscles in subjects above the age of 65 years in 
comparison to subjects below the age of 65 years (right TA 31.2 + 11.9 HU vs. 
20.8 + 14.4 HU, respectively, left TA 29.6 + 99 HU vs. 22.8 + 15.0 HU, respec- 
tively) [60]. Note that the study design consisted of a hybrid imaging modality, 
namely, PET/CT in which the average CT density (measured in HU) and regional 
tissue activity concentration (maximal standard uptake) of the TA muscles were 
measured. Their results concur with those of Wehrli et al. who also reported a 
decrease in CT attenuation with aging. In their review of 213 subjects, the authors 
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noted attenuation in the metabolism of the muscles, adipose tissues, and skin [61]. 
The lamina propria of the vocal fold is also subject to many histologic changes in its 
cellular and extracellular constituents. There is an increase in collagen deposition, a 
decrease in elastic fiber concentration, and alteration in hyaluronic acid distribution 
associated with increase in age. Sataloff et al. have provided a thorough review on 
the effects of age on voice [62]. 

These age-induced structural vocal fold changes need to be considered in patients 
undergoing injection laryngoplasty. Many studies in the literature investigated the 
predictive role of age on the outcome of vocal fold augmentation, with no clear 
consensus. In 2012, Choi et al. reviewed the demographic variables of 59 patients 
with unilateral vocal fold paralysis who had undergone injection laryngoplasty and 
reported that those who improved were significantly younger than those who did 
not. All patients were injected with Artecoll (polymethyl methacrylate microspheres 
plus bovine collagen) using the transcutaneous approach and were evaluated using 
GRBAS perceptual rating and laryngeal videostroboscopy [31]. In 2015, Sardesai 
et al. reviewed a series of 35 patients who underwent awake injection laryngoplasty 
and reported no association between age, gender, and the outcome of injection. 
What was noticeable in that study was that patients with high VHI scores before 
injection had a better outcome than those with low VHI scores, alluding to a ceiling 
effect [38]. Similarly, in a radiologic study looking at the volumetric measures of 
the vocal folds in patients undergoing injection laryngoplasty, Hamdan et al. 
reported that the difference in the mean volume of paralyzed and nonparalyzed 
vocal fold was higher in subjects above the age of 65 years in comparison to those 
below the age of 65 years (152.04 + 90.77 mm3 vs. 194.46 + 155.82 mm3, respec- 
tively). The authors highlighted the need to account for the age-related larger dis- 
crepancy in vocal fold volume in patients undergoing injection laryngoplasty [63]. 


8.4.2 Effect of Gender on the Outcome of Office-Based 
Injection Laryngoplasty 


Gender is an important variable that needs to be considered in patients undergoing 
injection laryngoplasty. Laryngeal structural and histological differences between 
males and females have been described in the literature. Males in comparison to 
females have longer vocal folds (15.4 mm vs.11.1 mm, respectively), greater thy- 
roid cartilage height (42.3 mm vs. 32.5 mm, respectively), and longer thyroid lam- 
ina [64]. Zeitler and Amin reported that men had a longer distance between the 
thyroid notch and tip of the vocal process (27.4 vs. 19.7 mm, respectively) and a 
longer distance between the thyroid notch and mid-vocal fold (21.8 vs.15.5 mm, 
respectively) in comparison to women [4]. In another radiologic study, a significant 
difference in vocal fold volume in men compared to women was noted 
(389.761 + 180.210 vs. 257.550 + 108.982 mm3, respectively). The study was con- 
ducted on 21 subjects using computerized tomography [63]. There are also 
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histologic differences in the vocal folds of men and women. In a study by Butler 
et al. on gender differences in hyaluronic acid (HA) distribution in 25 vocal folds 
analyzed at autopsy, the authors noted less HA in the superficial layer of the lamina 
propria and a higher concentration in the deep layer in females compared to males 
[65]. These structural and histologic changes may contribute the higher prevalence 
of dysphonia in females compared to males. In an epidemiologic study looking at 
the prevalence of voice disorders in the normal population, Roy et al. reported a 
higher prevalence in women and subjects aged 40-59 years. Sex and age increased 
the odds of having chronic voice disorders in their random sample which included 
1326 adults [66]. 

Based on the above, gender as a variable must also be considered in patients 
undergoing injection laryngoplasty. The site and amount of injectate during injec- 
tion laryngoplasty differ across genders. In 2008, Mau and Courey investigated gen- 
der effect on the amount of injectate in cadaveric larynges that were evaluated 
before and after injection using high-resolution computerized tomography. The 
authors found that males required on average 50-60% more filling substance than 
females. The difference in the mean of injectate was significant in both lateral injec- 
tions (0.62 ml in males and 0.41 ml in females) and medial injections (0.23 ml in 
males and 0.14 ml in females). The larger amount of injectate needed in males vs. 
females was ascribed to the known anatomic differences in laryngeal dimensions 
across genders [64]. The implication of these findings on the surgical outcome of 
patients undergoing injection laryngoplasty remains controversial. In 2013, Jamal 
et al. reviewed their experience with 100 cases of injection laryngoplasty, and they 
reported no change in voice quality or worsening in 4 cases, all of whom were 
women. Notably, these accounted for 10% of the women who had undergone this 
procedure [34]. However, in a study by Wen et al. of 60 patients who underwent 
injection laryngoplasty using either cross-linked porcine collagen (n = 33) or hyal- 
uronic acid (n = 27), the authors noted no significant difference in outcome between 
genders. Patients were evaluated using the VHI-10 score and maximum phonation 
time at 1, 3, and 6 months following treatment [32]. In a study by Lin et al. that 
included 73 patients with unilateral vocal fold paralysis, the authors noted that 
female patients had better Jita (absolute jitter, microsec) than male patients 
12 months after lipoinjection. The authors alluded to the importance of gender in 
addition to age as a prognostic indicator of the success of this procedure [67]. 


8.4.3 Other Patient-Related Factors in Injection Laryngoplasty 


Other very important patient-related factors that may affect the outcome of injection 
laryngoplasty are the size of the posterior gap and the position of the vocal fold at 
the time of injection. Patients with a large glottal gap are less likely to improve fully 
following medicalization procedures than patients with a small glottal gap. This is 
attributed to the fact that vocal fold movement is not limited to the horizontal plane. 
The vocal process moves medial and downward during phonation and lateral and 
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upward during breathing. When the gap is large at the time of the injection, this 
means that the paralyzed vocal fold is also higher than the nonparalyzed vocal fold 
creating a vertical discrepancy between the two vocal folds. Injection laryngoplasty 
addresses only the axial position of the vocal fold and not its vertical position [12], 
at least in most cases. In a review on glottal gap size in predicting the need for per- 
manent laryngoplasty, Fang et al. reported that patients with a large glottal gap were 
more in need of permanent laryngoplasty than those who had a small glottal gap 
[68]. Similarly, in a study by Choi et al. of 59 patients with unilateral vocal fold 
paralysis who had undergone injection laryngoplasty, the authors found a significant 
association between the outcome of injection laryngoplasty and the size of the pos- 
terior glottal gap [31]. 


8.4.4 Technical Factors: Site of Injection, Amount 
to Be Injected, and Injection Force Mechanics 


Injection laryngoplasty is a procedure that aims to reposition the lateralized vocal 
fold in the midline. As the injection does not address directly the vibratory behavior 
of the vocal fold, the injectate material is placed usually as lateral as possible in the 
paraglottic space adjacent to the thyroid cartilage inner perichondrium, to help min- 
imize its effect on the vibratory margin. For some materials in selected cases, the 
injection may be placed just lateral to the vocalis muscle. The exact positioning of 
the injectate material dictates the amount that needs to be injected. In 2008, Mau 
and Courey reported that a larger amount of injectate is needed to medialize the 
vocal fold if the injection is made lateral to the thyroarytenoid muscle in compari- 
son to injections made in the medial belly of the thyroarytenoid muscle. The lateral- 
medial volume ratio in males and females was 2.7 and 2.9, respectively [64]. The 
authors also noted the effect of the injectate on the position of the arytenoid carti- 
lages. The movement, which was described as rotatory and passive, was more obvi- 
ous when the injection was placed laterally. The clinical implication of these 
findings is that the site of injection and the amount injected need to be individual- 
ized according to the position of the vocal fold and the cause of glottic incompe- 
tence. In a patient with a large gap secondary to unilateral vocal fold paralysis, the 
injection should be placed laterally, and a large amount of injectate is usually 
needed. In patients with vocal fold scar or atrophy, the injection can be placed more 
medially within or just lateral to the medial belly of the thyroarytenoid muscle 
(vocalis), and less injectate material is needed. This is more challenging because of 
the proximity of the injected substance to the vibratory surface of the vocal fold. 
Injection force is another technical issue to consider while performing injection 
laryngoplasty. The injection force required to achieve vocal fold augmentation is 
extremely important in achieving the desired results. Important variables to con- 
sider are the size of the needle, its length, and its configuration. Pearson et al. com- 
pared the injection forces using various needles and filling substances at different 
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temperatures [69]. Using swine larynges affixed to a stabilizing crossbeam, the 
authors tested the injection forces at a compressive load of 40 mm/minute, using 
different needles with or without denting. The results showed the highest steady- 
state force (44.55 N) and the lowest stiffness rate (19.75 N/mm) while using the 
peroral needle. Similarly, the stiffness was affected with higher values reported 
using the 27-gauge percutaneous needle vs. the 25-gauge needle and the peroral 
needle. The orientation of the needle, whether straight or bent, also had an effect. 
The straight needle had a higher maximum load than a bent needle. Moreover, the 
maximum load increased with increasing length and decreasing gauge of the needle. 
For instance, a 27-gauge had a higher load than a 25-gauge needle. In clinical prac- 
tice, the results of this investigation indicate that the easiest way is to inject a vis- 
cous material thru a large gauge needle that is straight and not bent. The authors 
noted also that increasing the temperature of the injectate reduces the material resis- 
tive forces at least at the onset of the injection. In conclusion, the authors stressed 
the importance of needle stability in injection laryngoplasty, which is accomplished 
partially by the use of different needle types and orientations [69]. Lisi et al. stressed 
the differences between the viscosity of materials used for medial (vibratory mar- 
gin) injection vs. lateral injection. Although low viscosity materials are ideal for 
medial injections, more evidence-based research is needed to establish the ideal 
properties for materials used in lateral injection laryngoplasty. Proper positioning of 
the injectate and its maintenance are also crucial predictors of the long-term suc- 
cess [70]. 

In summary, injection medialization laryngoplasty involves injecting the vocal 
fold with a filling material that aims to restore glottic closure. The improvement 
noted following injection is ascribed to the mass effect of the injectate displacing 
the vocal fold medially. The filling material is placed either laterally or medially 
within the thyroarytenoid muscle, depending on the material and cause and severity 
of glottic insufficiency. The outcome of this procedure depends on surgery-related 
factors, type of augmentation material used, and patient-related factors. Age, gen- 
der, and glottic configuration are important variables to consider for predicting sur- 
gical outcome of injection laryngoplasty. It is also important to note that injection 
laryngoplasty does not address the impairment of pliability of the vibratory mem- 
brane seen in patients with vocal fold scar, but improving glottic closure may pro- 
vide better voice by improving the ability of the contralateral vocal fold to 
compensate for unilateral stiffness. 


8.5 Complications of Injection Laryngoplasty 


Complications following injection laryngoplasty are rare. The most common are 
deposition of the injectate within the superficial layer of the lamina propria, vocal 
fold bolus or abscess formation, hypersensitivity reactions, and bleeding. An impor- 
tant predisposing factor for bleeding is the use of anticoagulants, although their 
etiologic role in the development of bleeding remains controversial [44, 71]. Patients 
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with complications following injection laryngoplasty usually present with symp- 
toms that may include globus sensation, throat clearing, dysphonia, dysphagia, 
shortness of breath, and stridor among others. These symptoms are usually man- 
aged conservatively under close observation, with or without the prescription of 
anti-inflammatory medications and/or antibiotics. When a long-acting augmenta- 
tion material has been used, surgical intervention and excision of the injectate endo- 
scopically through a lateral cordotomy incision or externally through the thyroid 
cartilage may be necessary. If left untreated, patients can develop vocal fold scar, 
and bleeding and other adverse events may lead to tethering of the vocal fold cover 
to the underlying vocal fold ligament. 

The prevalence of complications following injection laryngoplasty varies mostly 
with the type of filling substance used for augmentation and the surgeons’ expertise. 
This section reviews complications of injection laryngoplasty using collagen, fat, 
calcium hydroxylapatite, and hyaluronic acid. 


8.5.1 Complications of Injection Laryngoplasty 
Using Collagen 


Following its success in dermatology as a filling material that redefines skin contour 
and scar tissue, collagen gained popularity in laryngology as a safe alternative to 
previously used substances such as paraffin and Teflon [3]. Its abundant availability 
in dermal tissue, ease of preparation/injection, and long-lasting effect has paved the 
way for its adoption among many otolaryngologists. Its natural presence as a main 
constituent of the vocal fold lamina propria also made it appealing. In patients with 
vocal fold scar, collagen injection acts by promoting the proliferation of collagenase 
and remodeling the scar tissue, in addition to its mass effect. Despite the many 
advantages of collagen use in injection laryngoplasty, one main limitation used to 
be recipient hypersensitivity. This was associated with xenograft proteins within the 
injectate when bovine or porcine collagen was used. Although its occurrence is rare, 
the potential severe collagen-induced hypersensitivity can be life-threatening. This 
led to a decline in its use until purified, human forms were developed. By harvesting 
collagen from the patient’s dermal tissue and reinjecting it into the vocal fold, for- 
eign body reaction decreased, and tissue tolerance improved [3]. The enhanced tis- 
sue tolerance was associated with improvement in subjective and objective voice 
parameters following injection [72]. To further reduce the limitations of allograft 
collagen use, namely, donor site morbidity and time needed to harvest the grafted 
material, purified forms derived from cadaveric skin dermal tissue were introduced, 
the most common of which was Cymetra (Cymetra; Life Cell Corporation, 
Brandenburg) [73]. Unfortunately, manufacture of that excellent product has been 
discontinued. 

Despite its availability and many advantages, collagen injection still had compli- 
cations, particularly when injected in the superficial layer of the lamina propria. 
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Based on an animal study by Courey, homologous collagen compounds are best 
injected in the medial part of the thyroarytenoid muscle just deep to the vocal liga- 
ment to avert impairment of vocal fold vibration [74]. In a clinical study of 39 
patients who had undergone injection laryngoplasty for the treatment of glottal 
incompetence using collagen, Remacle et al. cautioned about the adverse effect of 
superficial injection and the resultant permanent stiffening of the vocal fold. Their 
study group was evaluated using laryngeal stroboscopic examination, acoustic anal- 
ysis, and aerodynamic measures [75]. Berke et al., in their review of 35 patients 
with Parkinson’s disease and hypophonia who underwent percutaneous injection 
laryngoplasty, reported two cases of superficial injections that resulted in the forma- 
tion of collagen nodules [24]. In 2004, Anderson and Sataloff reported two unusual 
cases of injection laryngoplasty using collagen. Both patients developed submuco- 
sal deposits that hindered the malleability of the vocal fold cover and resulted in 
dysphonia. Microsurgical dissection of the injectate resulted in improvement in 
voice quality. The authors highlighted the common complications of collagen injec- 
tion in the vocal folds among which are hypersensitivity reactions, the formation of 
an abscess at the site of injection, and possibly injection-induced collagen vascular 
disease [76]. Similarly, Sulica et al. reviewed 460 injection laryngoplasty mostly 
performed on patients with paralysis, paresis, vocal fold atrophy, and scar and 
reported a complication rate of 3% for in-office injections in comparison to 2% 
under general anesthesia. The most commonly used materials for augmentation 
were methylcellulose in 35% of the cases and bovine collagen in 28% of the cases 
[6]. In another review of 100 patients who had undergone percutaneous injection 
laryngoplasty using collagen as an augmentation material, Jamal et al. reported a 
complication rate of 4%. All four patients had an inadvertent superficial injection 
that resulted in blanching of the upper surface of the vocal fold and a decrease in 
mucosal wave amplitude. The patients were managed conservatively for 6 months 
with no subsequent adverse phonatory sequelae. No other complications such as 
bleeding or hypersensitivity reactions were reported [34]. 


8.5.2 Complications of Injection Laryngoplasty Using Fat 


Fat is a substance commonly used in injection laryngoplasty. The similarity of its 
viscoelastic properties to those of the lamina propria and its abundant availability 
and ease to harvest have fostered its popularity over the last four decades [77—80]. 
In 2013, DeFatta et al. reviewed their experience in laryngeal lipotransfer in 89 
patients with glottic insufficiency and reported significant improvement in vocal 
fold closure and vibration. The fat was injected laterally in patients with impaired 
vocal fold motion and/or implanted medially through a submucosal tunnel in 
patients with vibratory margin pathology. The authors stressed the need for long- 
term effect and repeated injections in selected cases [81]. Based on a systematic 
review by Truzzi et al., fat grafts in injection laryngoplasty usually are harvested 
from the lower abdomen by liposuction and processed by manual selection and 
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washing using saline, lactated ringer, insulin solution, methylprednisolone, dexa- 
methasone, or other corticosteroid solution, with successful results [82]. Nonetheless, 
a major limitation to its usage is its unpredictable resorption rate which makes it 
hard to decide on the amount that needs to be injected. The resorption rate depends 
on the size of the fat cells harvested and the “health” of the surrounding ground 
substance. Fat graft survival and the fate of adipose-derived stem cells (ASCs) con- 
tained within the fat grafts depend also on the microenvironment of the recipient 
bed [83]. By promoting the release of vascular endothelial growth factors and fibro- 
blast growth factors, adipose-derived stem cells can help promote the survival of fat 
cells following transplantation, with the subsequent remodeling of the vocal fold 
constituents. 

Most of the literature on the longevity and complications of fat injection laryn- 
goplasty is derived from studies on patients operated under suspension microlaryn- 
goscopy. In 2002, McCulloch et al. reported a success rate of 70% and 55% at 
2- and 4-year follow-up. Their study group had improvement in the mean grade of 
dysphonia and breathiness at a mean period of 52 days. No complications were 
reported [84]. A year later, Laccourreye et al. reported a success rate of 91.1% at 
3 months and 63.1% at 12 months [85]. Their study group consisted of 80 patients, 
3 of whom developed hematoma at the site of injection, 1 had extrusion, and another 
had dyspnea. Late complications included intracordal cyst formation in three cases. 
Similarly, Umeno et al. in 2005 reported sustainability of intracordal fat injection 
for more than 2 years following injection. The study was conducted on 41 patients 
with unilateral vocal fold paralysis who had fat injection laryngoplasty under sus- 
pension microlaryngeal surgery. The authors reported one case of fat extrusion and 
two cases of mild airway obstruction that subsided with no need for intervention 
[86]. Fang et al., in 2010, reported sustainability of fat injection laryngoplasty up to 
1 year. The study conducted on 33 patients with unilateral vocal fold paralysis 
showed a marked increase in maximum phonation time and s/z ratio, as well as a 
decrease in jitter. No complications were noted in their study group [87]. In 2018, 
Maccarini et al. reported the safety of fat as an injection material in 22 patients who 
underwent flexible intranasal endoscopic injection. The patients were evaluated 
1 week and 6 months after the injection, and no complications were reported [42]. 


8.5.3 Complications Following Injection Laryngoplasty Using 
Calcium Hydroxylapatite 


Calcium hydroxylapatite (CaHA) is a mixture of 25—45 micrometer calcium micro- 
spheres and carboxymethylcellulose gel-type carrier. It has gained popularity among 
otolaryngologists as a long-term filling substance in injection laryngoplasty. Its 
long-term effect is attributed to the fact that microspheres maintain their volume at 
the injected site long after resorption of the calcium particles. With the increase in 
its usage in the operating room or office setting, there have been an increasing 
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number of reported complications with symptoms of globus, cough, neck pain, dys- 
phonia, and dyspnea [29, 88—90]. In 2008, Chheda et al. reported five cases who had 
undergone revision microsurgery for removal of the implanted CaHA. The authors 
ascribed the complication of superficial injection and/or over-medicalization that 
resulted in voice impairment [88]. In 2009, Gillespie et al. reviewed the complica- 
tion rate of CaHA injection laryngoplasty in 39 patients and reported worsening of 
the VHI score in 43% of those with vocal fold soft tissue defects and 7% of those 
with vocal fold paralysis. In total, eight patients had complications, the most com- 
mon of which were superficial injections. Only one patient developed respiratory 
distress which necessitated the removal of injectate [29]. In another review by 
Carroll and Rosen on the longevity of CaHA in the treatment of patients with glottal 
insufficiency, the authors noted three complications, including superficial injection 
in one and infraglottic deposition in two [30]. In 2012, DeFatta et al. reported 16 
patients who had complications following CaHA injection laryngoplasty. The major 
ones included granuloma formation in two cases and adynamic or decreased muco- 
sal waves in four and six cases, respectively. The injected implants were removed 
surgically under general anesthesia using a lateral cordotomy incision. Minor com- 
plications included inflammation and edema with mild impairment in mucosal 
waves. The authors stressed the adverse effects of CaHA on phonation secondary to 
inflammatory reactions and possible extrusion [89]. Similarly, Lee et al. reviewed 
their experience of 955 injection laryngoplasty using CaHA and reported superficial 
injections in eight cases. The authors stressed the importance of early recognition of 
this complication and the need to aspirate the material once blanching of the vocal 
fold is seen intraoperatively. Failure to drain the lobulated material using the tip of 
the needle and persistence of dysphonia with a decrease in mucosal waves on laryn- 
geal videostroboscopy should prompt surgical intervention, namely, incising the 
overlying vocal fold cover. Acute and delayed onset of dyspnea occurred in 0.3% 
and 0.2% of the cases, respectively [90]. 


8.5.4 Complications of Hyaluronic Acid as a Filling Material 
in Injection Laryngoplasty 


Since its availability in a purified and engineered commercial form, hyaluronic acid 
(HA) has gained popularity as a safe augmentation material in injection laryngo- 
plasty. The increase in its usage is ascribed to its biocompatibility, favorable visco- 
elastic properties, slow absorption rate, and resistance to migration [91, 92]. The 
incidence of adverse reactions in injection laryngoplasty using HA is rare. The 
clinical presentation may be subtle with ill-defined symptoms such as globus and 
sore throat or life-threatening with symptoms of airway obstruction. Hertegard et al. 
reported three cases of adverse reactions to hyaluronic acid injection characterized 
by inflammation at the site of injection. The main reported symptoms were dyspho- 
nia and cough [93, 94]. In 2010, Song et al. reviewed the voice outcome of HA 
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injection laryngoplasty in 27 patients with vocal fold immobility and reported 1 
case of superficial injection. The patient had worsening of his voice quality which 
necessitated surgical removal of the collection under suspension microlaryngos- 
copy [95]. In 2012, Rudolf and Sibylle reported a patient who developed dyspnea 
3 days after having undergone injection laryngoplasty using HA. On laryngeal 
examination, there was evidence of edema of the false vocal fold and aryepiglottic 
fold [96]. Their study group consisted of 19 patients who were assessed at three- 
time intervals, 6 weeks, 6 months, and 12 months following HA injection laryngo- 
plasty. It is noticeable that 42% of their study group had a decrease in voice quality 
at 6 weeks follow-up [96]. Halderman et al. reviewed 64 patients who underwent 
HA injection laryngoplasty and reported 5 cases of adverse events, 2 of whom had 
superficial injections and 1 had dyspnea and shortness of breath [37]. Shamanna 
et al. reported a 53-year-old woman who developed mucosal ulceration and necrosis 
at the site of injection attributed to a compartment syndrome-like reaction [97]. 
Dominguez et al. reported seven cases of inflammatory reactions at the site of HA 
injection laryngoplasty. The study group consisted of 186 patients who had under- 
gone 245 procedures. The most commonly described symptoms were dysphonia, 
odynophagia, and dyspnea. On laryngeal examination, patients had a decrease in 
vocal fold cover pliability. Although all patients received adequate treatment, the 
VHI-10 score did not normalize in all cases [98]. In a review of 63 patients with 
glottal insufficiency who had undergone HA injection laryngoplasty, Hamdan et al. 
reported three cases of adverse reactions who presented with symptoms of globus 
sensation, dysphagia, throat pain, and shortness of breath 48-72 hours after the 
injection. Two patients had severe edema of the arytenoid, false vocal fold, and 
aryepiglottic fold. All three patients were managed successfully using conservative 
therapy, namely, systemic steroids and antibiotics under close observation (Figs. 8.1 
and 8.2) [99]. 

The adverse reactions to HA are not very surprising. Perazzo et al., in their his- 
tologic study using a rabbit model, showed inflammatory response around the injec- 
tate in all 22 cases, although the inflammation was mild and not time-dependent 


Fig. 8.1 A 54-year old 
woman who presented with 
dyspnea and throat 
discomfort 2 days 
following injection 
laryngoplasty using 
Hyaluronic acid. Patient 
had history of right 
cordotomy as a treatment 
of bilateral vocal fold 
paralysis. Note the edema, 
redness and fullness of the 
right false vocal fold 
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Fig. 8.2 A laryngeal 
endoscopic view of a 
23-year-old woman who 
presented 2 days following 
vocal fold injection using 
hyaluronic acid with 
globus sensation, 
dysphagia and dyspnea. 
The figure shows edema of 
the left false vocal fold, 
aryepiglottic fold and true 
vocal fold 


[100]. The adverse reactions to HA can be attributed to several factors; one is local 
hypersensitivity to impurities in the product introduced during manufacturing, 
namely, bacterial proteins. The unilaterality of the inflammatory reaction, the lack 
of cell-specific histologic response at the site of inflammation, the normal immuno- 
globulin level in affected patients, and last but not least the longevity of the reaction 
(many months in certain cases) argue against this theory [37, 98]. Other possible 
causes include contamination and vascular compression, although tissue necrosis is 
seen rarely. Selecting the size of the HA cross-linked particle, using short needles to 
help reduce the force of injection, and avoidance of overfilling are crucial factors in 
reducing vascular compression at the site of injection. 


8.6 New Injection Materials: Prospective and Safety 


The optimal substance for injection laryngoplasty has yet to be determined. The use 
of collagen, fat, CaHA, hyaluronic acid, and other synthetic materials has limita- 
tions in terms of compatibility, resorption rate, availability, and/or cost. This has led 
to the search for safer, more biocompatible, and less expensive alternatives. In 2004, 
Lee et al. investigated the tolerance and durability of auricular cartilage as an inject- 
able material. In a study on nine dogs, minced cartilage was injected into the para- 
lyzed vocal fold and re-examined at several time intervals. The authors reported 
acute inflammatory reactions early postinjection and marked volume augmentation 
up to 12 months [101]. Lim et al., inspired by the longevity of cartilage injection in 
animal studies, investigated the surgical outcome in 14 patients with unilateral vocal 
fold paralysis who were injected using the peroral approach under general 
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anesthesia. The authors noted significant voice improvement up to | year with no 
major complications reported [102]. Hong et al. reported the use of plasma gel as an 
augmentation material in injection laryngoplasty in a rabbit model. The vocal folds 
(right side) of 12 rabbits were injected with 0.005 ml of plasma and later examined 
at 2, 4, and weeks following the injection. On histologic examination, the authors 
showed less inflammation and foreign body reaction in comparison to vocal folds 
that were injected with Artecoll (polymethyl methacrylate microspheres mixed with 
bovine collagen) or hyaluronic acid. However, there were no quantitative differ- 
ences in the extent of collagen deposition and neovascularization. At 8 weeks fol- 
lowing the injection, there was significant absorption of the plasma gel in two of 
four rabbits [103]. Similarly, Woo et al. reported a clinical study on 11 patients with 
unilateral vocal fold paralysis who underwent autologous plasma gel injection and 
showed improvement in self-reported quality of voice as well as acoustic (shimmer, 
jitter) and aerodynamic measure (MPT) at 2 months following treatment. The 
authors reiterated the rate of absorption of plasma gel which necessitated reinjection 
in patients [104]. De Souza et al. evaluated the medialization effect of bacterial cel- 
lulose and associated tissue response. Using a rabbit model, the authors noted mini- 
mal inflammation and retainment of the material up to 4 months [105]. Sataloff 
reviewed the literature on autologous fascia injection [106]. This material works 
well. Recently, the author (RTS, unpublished data) has used homograft fascia lata 
with similar success, avoiding the need for a donor site incision. Beginning 2019, he 
also developed a new procedure involving homograft fascia sheet implant, but this 
has been performed only through direct microlaryngoscopy, so far. 
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Chapter 9 A 
Office-Based Laryngeal Botulinum Toxin gss 
Injection 


Abdul-latif Hamdan, Robert Thayer Sataloff, Ghiath Alnouri, 
and Mary J. Hawkshaw 


9.1 Introduction 


Botulinum toxin (BT) is a neurotoxin produced by fermentation of Clostridium 
botulinum. In 1973, Scott et al. introduced BT for medical therapy of strabismus [1]. 
Since then, BT injection has emerged as a therapeutic modality for other neuromus- 
cular disorders. Botulinum toxin acts by inhibiting the release of acetylcholine at 
the neuromuscular junction of the targeted muscle leading to temporary chemical 
denervation and reduction in excessive and/or uncontrolled muscle activity [2]. The 
heavy chain of the toxin allows binding of the toxin to neurons and penetration of 
synapses, whereas the light chain is responsible for blocking of calcium-mediated 
release of acetylcholine [3, 4]. The clinical benefit of BT starts 1-3 days following 
the injection and usually lasts 3-6 months. The effect is attenuated by resprouting 
of the terminal axons and the formation of new motor endplates. Resistance to treat- 
ment secondary to antibodies production is a concern, and it has been suggested that 
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antibody formation may be triggered by BT injections given repeatedly over short 
intervals and/or when large doses are used. Other factors responsible for immuno- 
genicity include the manufacturing and formulation of the toxin. For that reason, 
switching to an alternate type of toxin, such as BT-B in cases of resistance to BT-A, 
might be a solution [4]. Although antibody formation usually is thought to be a 
concern after 300 mouse units (mu) have been given (total over time), the author 
(RTS) has seen antibodies develop after as few as 50 mu; and rarely patients have 
antibodies prior to their first therapeutic injection, presumably due to exposure 
through food. When a long-term effect is desired (in the absence of antibodies 
against BT), repeated injections are needed. 

There are eight serotypes of botulinum toxin (A to G), the most common of 
which is type A [5, 6]. In an evidence-based review on the safety and therapeutic 
effect of Botox, Hallett et al. asserted the efficacious use of different commercial 
formulations (abobotulinumtoxin A, onabotulinumtoxin A, incobotulinumtoxin A, 
and rimabotulinumtoxin B) in the treatment of blepharospasm, oromandibular dys- 
tonia, torticollis, hemifacial spasm, and focal limb dystonia [6]. Their findings con- 
cur with those of Hughes in his report on clinical practice of Botox injection 
published in 1994 [3]. The author noted the high success rate of Botox injections in 
comparison to other treatment methods traditionally used in patients with dystonia. 
For instance, injections of Botox into the trapezius and sternocleidomastoid mus- 
cles in patients with spasmodic torticollis were found to be successful in 70-80% of 
the cases. Similarly, by injecting Botox at various sites of the orbicularis muscle, 
improvement in patients with blepharospasm was reported in 90% of the cases [3]. 
Notably, the effect of Botox injection is not only local but also central. A “nonclas- 
sical” effect on the central nervous system has been suggested by many authors [7, 
8]. It includes alteration in the cortical network, change in brainstem interneuronal 
pathways, and reform in spinal synaptic transmission [9-11]. 

Given the success of Botox in the treatment of various forms of focal dystonia, 
the indications for its use have expanded to include laryngeal movement disorders, 
namely, spasmodic dysphonia, essential voice tremor, paradoxical vocal fold move- 
ment disorders or “induced laryngeal obstruction,” laryngeal tics, muscle tension 
dysphonia, and others. This chapter reviews the application of Botox injections in 
the management of laryngeal movement disorders. The site and dose of injection, as 
well as associated adverse effects, are discussed. 


9.2 Office-Based Botulinum Toxin Injection in Patients 
with Spasmodic Dysphonia 


Spasmodic dysphonia (SD) is a central neurologic disorder that affects voice and 
speech. Women are affected more than men with a female to male ratio of 7:1. The 
peak onset is during the fourth decade of life, and a positive family history is present 
in 10-12% of the cases [12, 13]. DTY6 (dystonia gene 6) families seem to play a 
major role, and deletion of three nucleotides in the DYT1 gene has been shown to 
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be responsible for early-onset focal dystonia [14]. Other predisposing factors 
include prior history of upper respiratory tract infection and/or stress [12] although 
causal relationship between these factors and dystonic remain controversial. One 
out of five patients with SD reports a major stressful life event, a fact that has 
masked the true etiology of SD for decades. The pathophysiology of SD is multifac- 
torial and includes decreased or loss of motor cortex inhibition, increased plasticity, 
and abnormal sensory input. Affected individuals have reduced inhibition of the 
laryngeal adductor reflexes with abnormal sensory gating, all of which leads to dis- 
turbance in motor output [15, 16]. 

Spasmodic dysphonia is a disabling communication disorder that has a profound 
impact on quality of life. In a review of 60 patients with adductor focal laryngeal 
dystonia, Stewart et al. reported a VHI-10 score of 21.3 [17]. Affected patients often 
report difficulty in speech initiation, uncontrolled voice breaks, and marked effort to 
speak. However, primary vocalization may not be disturbed. Unlike patients with 
muscle tension dysphonia, in patients with SD singing, yawning, laughing, and cry- 
ing often are not affected [18], especially early in the disease. Other maneuvers 
referred to as “sensory tricks” such as chewing also inhibit some of the speech and 
phonatory symptoms [19]. In adductor SD, the voice breaks are associated with a 
feeling of choking and strangulation while speaking, particularly when reading all- 
voiced passages such as “Albert Eat Eggs Every Easter Early in the AM,” or when 
asked to count from 80 to 89. In patients with abductor SD, the voice has breathy 
breaks associated particularly with prolongation of voiceless sounds such as /p/, /t/, 
/h/ and /ch/. Voice symptoms also are elicited when patients are asked to count from 
60 to 69 or to read a sentence such as “She sells seashells by the seashore.” 

Voice tremor is reported in up to one-third of affected patients [12, 18-21] or 
more. In a review of the demographic data of 718 patients with SD, Patel et al. 
reported voice tremor in 54.4% of ADSD patients and 32.1% of ABSD patients 
[22]. Notably, other forms of dystonia such as blepharospasm and cervical dystonia 
were found in 1.4% and 2.3% of the cases, respectively [22]. Unlike patients with 
essential voice tremor, patients with SD have no laryngeal tremor at rest and lack 
pharyngeal and extra-laryngeal muscle tremor. Perceptual evaluation using the 
GRBAS scale has limited value in patients with SD. As a substitute, the I()-NFVO 
rating scale where the first “I” stands for overall impression, second “I” for the 
impression of intelligibility, “N” for noise, “F” for fluency, and “V” for voicing is 
used commonly [23]. Similarly, acoustic analysis using the multidimensional voice 
program is of limited use in view of the aperiodicity of the vocal signal, variations 
in voice onset, and high frequency of voice breaks in affected patients. As an alter- 
native, the auditory model-based pitch extractor (AMPEX) has been adopted by 
some as a robust model that helps characterize and differentiate substitute voices 
from normal voices [24]. 

The diagnosis of SD is not limited to perceptual evaluation but relies heavily on 
laryngeal examination. Task-specific abnormal movements of laryngeal structures 
usually are seen on flexible nasopharyngoscopy. In cases of adductor SD (ADSD), 
there is episodic excessive adduction of the vocal folds during phonation, whereas 
in patients with abductor SD (ABSD), there is excessive abduction with intermittent 
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incomplete closure of the vocal folds during phonation. The distinction between 
ADSD and ABSD is not always clear. In many cases, the two entities may coexist, 
and the clinical demarcation between the two is blurred [25]. Either or both may 
coexist with tremor, and this combination is called dystonia tremor. It is also impor- 
tant to note the coexistence of compensatory supraglottic muscle tension and/or 
vocal fold paresis/paralysis in many cases. The use of laryngeal electromyography 
(EMG) is very useful in excluding other neurologic conditions. Patients with SD 
typically display a time delay (0.5—1 second) between onset electrical activity of the 
muscle tested and the onset of phonation [26]. More information on laryngeal EMG 
findings in patients with SD is available to the reader elsewhere [20]. 

Treatment of SD is multifaceted. It includes voice/speech therapy, psychother- 
apy, pharmacotherapy, surgery, and neuromuscular blockade [20]. Voice/speech 
therapy aims at unloading the laryngeal tension commonly observed in patients 
with SD, thus reducing symptoms of voice strain and fatigue. The author (RTS) 
describes successful use of singing to treat SD patients. By attenuating voice spasms 
during singing and by bridging the singing voice to the speaking voice, affected 
patients may show marked improvement. Medical treatment using benzodiazepines 
or phenytoin and psychotherapy to relieve associated stress have been recommended 
either in isolation or in combination with voice/speech therapy. Surgery has evolved 
over the last few decades as an alternative especially in recalcitrant cases. Since the 
introduction of recurrent laryngeal nerve (RLN) sectioning by Dedo in 1976 [27], 
several surgical options were described among which are RLN crushing by Biller 
et al. [28], RLN avulsion by Netterville et al. [29], selective section/excision of the 
thyroarytenoid branch of the recurrent laryngeal nerve by Iwamura [30], and selec- 
tive denervation/reinnervation of the thyroarytenoid muscle by Mendelsohn and 
Berke [31]. Other surgical options include endoscopic thyroarytenoid myectomy 
using cold steel instruments [32], transoral laser thyroarytenoid myoneurectomy 
[33, 34], radiofrequency thyroarytenoid myothermy [35], and laryngeal framework 
surgery such as thyroplasty type II with the insertion of a spreading bridge to reduce 
the forceful closure of the vocal folds and/or thyroplasty type III for relaxation of 
the anterior commissure [36]. 

Despite the evolution of surgical techniques in the treatment of SD, the long- 
term results and high recurrence rates following surgery (recurrent laryngeal nerve 
section) were discouraging. This spurred efforts to find an alternative treatment. The 
successful use of neurotoxin in the management of focal dystonia in other parts of 
the body inspired its widespread usage in patients with SD. Eskander et al. con- 
ducted a cross-sectional study looking at the practice in the treatment of ADSD in 
the Canadian Society of Otolaryngology-Head and Neck Surgery and reported 
laryngeal BT injections as the most common treatment. The injections were done 
mostly through the cricothyroid membrane under EMG guidance [37]. Similarly, in 
the United States, laryngeal BT injection is the most common treatment option in 
patients with SD. Based on the National Institutes of Health consensus statement, 
botulinum toxin is a safe and effective treatment of SD among other conditions, 
when given by health care professionals [38]. Its safety and efficacy depend 
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partially on the low antigenicity of the botulinum toxin used [20]. In a review of 
more than 900 patients with SD treated with laryngeal BT injections, Blitzer et al. 
reported improvement in 90% of patients with ADSD and two-thirds of patients 
with ABSD [20]. In 2006, Srirompotong et al. reported their experience in the treat- 
ment of 37 patients with SD, 25 of whom had undergone BT injection, and reported 
improvement in 76.8% of the cases at the final stage of treatment. The treatment 
effect lasted 13.6 weeks on average [39]. Kendall and Leonard investigated the 
effect of interarytenoid Botox injection in combination with TA muscle injection in 
the treatment of SD-associated voice tremor. The authors reported better results in 
those who had both IA and TA injections in comparison to those who had only TA 
injections. In addition, there was an improvement in most acoustic parameters 
except for cycle-to-cycle variation in frequency [40]. In 2018, Patel et al. reviewed 
548 patients with ADSD, laryngeal tremor, and ADSD with laryngeal tremor, who 
had undergone 12,771 laryngeal BT injections. The percentage of maximal benefit 
following BT injection was 88.1% for patients with ADSD and 83.4% for patients 
with ADSD and lateral tremor. The authors emphasized the effectiveness of ona- 
botulinum toxin A injections into the TA/LCA muscle complex in affected patients 
(Video 9.1) [41]. 

The improvement in voice quality following BT injection in patients with SD is 
attributed to both a local and central effect. BT injection into the intrinsic and extrin- 
sic laryngeal muscles has been shown to result in favorable alteration in laryngeal 
airflow. Finnegan et al. investigated the effect of BT injection on laryngeal airflow 
in patients with SD with voice tremor and reported an increase in the mean airflow 
and a decrease in the coefficient of airflow variation. The latter is indicative of 
improved stability of laryngeal muscle activity and breathing [42]. Ali et al. investi- 
gated BT-induced alterations in CNS activity in patients with ADSD and reported a 
significant increase in speech-related sensory response in heteromodal sensory 
areas. The increase in sensory response was commensurate with clinical improve- 
ment in voice breaks and percentage aperiodicity. The regional cerebral blood flow 
(RCBF) was assessed using positron-emission tomography before and after admin- 
istration of botulinum [43]. The clinical improvement correlated significantly with 
attenuation in RCBF in motor-associated regions and augmentation in RCBF in 
unimodal and heteromodal sensory regions associated with oro-motor control. 

The outcome of botulinum toxin injection in patients with SD depends on sev- 
eral factors, the most important of which is the dose injected. The effect is believed 
to be faster when higher doses are used. In a national survey on the use of BT 
injection in the treatment of SD by experts in the United States, most treating phy- 
sicians performed bilateral injections with a starting dose of 1.25 IU in ADSD and 
unilateral injections with a starting dose of 5 IU in ABDSD. The survey included 
70 laryngologists who answered a 58-item online survey [44]. Based on the above 
survey, laryngeal EMG is used by physicians in 87% of patients with ADSD and 
67% of patients with ABSD [44]. Other muscles injected include the cricothyroid 
muscle. The dose varies markedly between patients and with the type of botulinum 
toxin used and its potency [20]. Another important determinant of the outcome of 
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BT injection is the ability to target the muscles affected the most. In a review on 
the clinical application of laryngeal EMG, Sataloff et al. emphasized the added 
value of laryngeal EMG in targeting the affected muscles and in differentiating 
between the different forms of SD [45]. In a study of 214 patients with laryngeal 
dystonia, Klotz et al. showed that difficulty in achieving the desired result was 
attributed to failure to inject the muscles affected the most. Using fine-wire elec- 
tromyography, the authors noted that the TA muscle was predominantly affected in 
ADSD, whereas both the TA and lateral cricoarytenoid muscles are predominantly 
affected in tremor SD [46]. Maronian et al. reviewed their experience with 81 
patients with tremor laryngeal dystonia treated with Botox injection; they used 
fine-wire electromyography and reported clinical improvement in most patients. 
The thyroarytenoid muscles and lateral cricoarytenoid muscle were injected in 
52% and 48%, respectively. The authors discussed the efficacy of LCA Botox 
injection in the treatment of these patients [47]. Other factors to be considered in 
predicting the voice outcome of BT injection are patients’ characteristics. 
Nonbiological factors may contribute significantly to the success or failure of ther- 
apy. In a study of 36 patients with ADSD treated with BT injection, Rutt et al. 
reported that preprocedure education, body position, and stress experienced during 
the procedure are important factors that can influence the results in 87%, 33%, and 
30% of the cases, respectively. The authors stressed the role of patient education 
before the procedure in improving patient experience and outcome [48]. History of 
prior surgical treatment is also an important determinant. In a review of 16 patients 
with ADSD who had undergone nerve section and later BT injection (n-181), 
Sulica et al. reported less satisfactory results in comparison to patients who were 
treated primarily with chemodenervation. Nevertheless, there was a significant 
improvement in voice quality that peaked in 10 days following the injection and 
lasted 14 weeks, on average [49]. 

The use of BT in the treatment of SD carries risks and expected adverse effects 
of which patients should be aware. Preoperative education and counseling are 
essential for improvement of patients’ experience and tolerance of the adverse 
effects of laryngeal BT injections. Complications reported following BT in the 
TA muscle in patients with ADSD include breathiness, aspiration of clear fluids, 
dysphagia, and throat pain. Another rare complication is temporary bilateral 
vocal fold paralysis. In a review of 352 patients with ADSD who had undergone 
botulinum toxin injection, Venkatesan et al. reported bilateral abductor paralysis 
in eight patients, one of whom needed a tracheotomy. The vocal fold paralysis 
was ascribed to diffusion of the neurotoxin into the posterior cricoarytenoid mus- 
cle [50]. 

SD is a laryngeal movement disorder that can be treated successfully with BT 
injections. Targeting the affected muscle under EMG guidance helps optimize the 
outcome. History of prior treatment, site of injection, and dose of BT are important 
determinants of the success of injection. Patient counseling and education are cru- 
cial. Side effects such as breathiness and dysphagia need to be discussed with the 
patient before intervening. 
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9.3 Office-Based Botulinum Toxin Injection in Patients 
with Essential Voice Tremor 


Essential voice tremor (EVT) is a neurologic disorder characterized by periodic 
fluctuation in loudness and pitch that impairs normal communication. Based on the 
International Parkinson and Movement Disorder Society, EVT is a clinical variant 
of essential tremor that affects the larynx and pharynx during speech and quiet res- 
piration [51]. The structures commonly affected are the soft palate, base of tongue, 
lateral pharyngeal wall, false vocal folds, and true vocal folds. Other structures such 
as the strap muscles and respiratory muscles also may be involved [51]. Essential 
voice tremor affects women (75-93% of the cases) more often than men, with a 
mean age of onset at 60 years. Positive family history is reported in 38-42% of the 
cases [52]. In a clinical study of 34 patients with EVT, Sulica et al. noted a positive 
family history in 30-50% of the cases [53]. 

The diagnosis of EVT is challenging because less than one-third of affected 
patients have tremor of the extremities. This explains the delay in diagnosis of up to 
7 years from the time of initial presentation [53]. The diagnosis of EVT relies on 
subjective and objective evaluation. Visualization of vocal folds and vocal tract 
kinetic behavior is key for diagnosis [54]. On examination, tremor is not limited to 
the intrinsic laryngeal muscles but involves the extrinsic laryngeal muscles as well 
[55]. The use of phonatory tasks such as phonating /a/, sustaining the /s/ or whis- 
tling may be useful in differentiating EVT from laryngeal dystonia. A delay between 
voice tremor and laryngeal muscle tremulous activity is observed in many cases. 
Bové et al. developed and validated the vocal tract scaling system (VTSS), an 
assessment tool that helps evaluate EVT and determine treatment efficacy with a 
high predictive value. The VTSS accounts for various sites of tremor along the vocal 
tract, including the palate, base of tongue, pharyngeal wall, false vocal folds, and 
true vocal folds. Both the intra-rater and inter-rater variability are reported to be 
excellent, with the latter being at least 0.914 [56]. Acoustic/spectral analysis also 
has been used in diagnosing EVT. Paige et al. investigated the frequency of EVT in 
160 patients using computerized peak detection method and reported a median fre- 
quency between 4 and 5 Hz, with a normative frequency range of 3.8 to 5.5 Hz [57]. 
Gamboa et al. in their acoustic analysis of 28 patients with essential tremor found 
higher jitter and lower harmonic-to-noise ratio values of the vowel /a/ and low inten- 
sity and frequency variability while reading a sentence [58]. The acoustic patterns 
of EVT were also investigated by Lester et al. who showed abnormal fundamental 
frequency and intensity modulation [59]. 

The treatment of EVT involves several modalities. Patients often are started on 
pharmacotherapy using beta-blockers such as propranolol or anticonvulsant barbi- 
turates such as primidone. Nida et al. investigated the effect of primidone in patients 
with EVT and reported improvement in 14 of 26 patients. However, more than two- 
thirds experienced side effects, leading to cessation of therapy in half the cases [60]. 
Justicz et al. reported the effectiveness of propranolol in 18 patients treated with 
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60-80 mg per day for 2—4 weeks. The authors noted an average change in VRQOL 
of 9.31 and significant improvement in VRQOL (greater than 10) in 6 of the 18 
patients [61]. Another common treatment is neurotoxin injections. BT injections are 
offered as the first line of therapy and to patients who are refractory to medical 
treatment [62]. In the above study by Justicz et al., 15 patients who were treated 
subsequently with BT injection reported improvement in their perceptual assess- 
ment and VRQOL score. Eighty-nine percent had bilateral injections into the TA/ 
LAC complex, and the average dose used was 3.18 units [61]. In a longitudinal 
study on the use of BT in the treatment of EVT, Warrick et al. reported a decrease in 
the frequency and amplitude of tremor during the first week postinjection. Patients 
also had a decrease in voice effort that was commensurate with a decrease in laryn- 
geal hyperactivity and airway resistance. All patients had bilateral injections into 
the TA muscle and were evaluated before injection and 2-16 weeks after [63]. The 
same authors investigated the efficacy of unilateral vs. bilateral BT vocal fold injec- 
tions in a group of patients with EVT. Using laryngeal EMG guidance, patients 
were injected with either 2.5 IU bilaterally or 15 IU unilaterally. The authors noted 
a reduction in tremor and vocal effort that coincided with a decrease in laryngeal 
resistance in three of the ten patients who had bilateral injections and in two of the 
nine who had a unilateral injection [64]. 

Given that EVT is not limited to the true vocal folds, there are many studies on 
the benefit of BT injections in muscles other than the TA/LCA complex. In 2000, 
Hertegard et al. reviewed the voice outcome of 15 patients with EVT who had BT 
injection in the TA, cricothyroid, and thyrohyoid muscles and reported successful 
treatment in 50-65% of the cases. There was a significant decrease in fundamental 
frequency variation during sustained vowel production, which corresponded to a 
subjective decrease in voice tremor [65]. Nelson et al. reported their experience with 
BT injection in the TA and laryngeal strap muscles in 21 patients with laryngeal 
tremor, two-thirds of whom had both vertical and horizontal tremor. Using VHI-10 
and CAPE evaluation, the authors reported subjective voice improvement in 96% of 
cases (100% in those who had both TA and strap muscles injection). The mean of 
improvement per injection was 70%. It is important to note that 62% of their study 
group had spasmodic dysphonia as well [66]. In another retrospective analysis of 16 
patients with EVT, 15 of whom had horizontal laryngeal tremor and 13 of whom 
had vertical laryngeal tremor, Gurey et al. reported improvement in tremor ampli- 
tude following bilateral BT injection into the thyroarytenoid muscles. Patients with 
vertical tremor had additional BT injections into the strap muscles that were suc- 
cessful [67]. 

The role of injection laryngoplasty in in the treatment of EVT remains controver- 
sial. Van Doren et al. reported improvement in VHI-10 score and subglottal pressure 
in three of six patients with EVT and vocal fold atrophy who had undergone injec- 
tion laryngoplasty. Overall, there was improvement in vocal fold function and 
patient satisfaction in two-third of the cases. The authors discussed the value of 
vocal fold augmentation in patients with EVT and comorbid vocal fold atrophy or 
glottal insufficiency from other causes [68]. However, in a comparative study on the 
utility of injection laryngoplasty in patients with EVT who had undergone BT 
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injection, Estes et al. reported no significant advantage except for an increase in 
loudness on perceptual evaluation. Patients had had an increase in airflow following 
BT which then decreased after vocal fold augmentation. The study was conducted 
on seven patients who had voice assessment using laryngeal videostroboscopy, 
acoustic and airflow measures, and perceptual and self-reported assessment [69]. 
Another promising treatment option in patients with EVT who are refractory to 
medical treatment and/or BT injection is deep brain stimulation [70, 71]. In a report 
on five patients with essential tremor, which included a case of essential tremor of 
the vocal tract, Ruckart et al. reported a significant decrease in VHI-10 score in that 
patient from 33 to 1 following deep brain stimulation [70]. BT injection may be 
useful in optimizing the voice following surgery. Future studies on the use of laryn- 
geal BT injections for improving the voice in selected patients’ post-deep brain 
stimulation are needed. 

In summary, BT injection is a safe and effective treatment for patients with 
EVT. The dose of BT should be tailored according to the patients’ condition and site 
of tremor. Various intrinsic and extrinsic laryngeal muscle groups may be targeted. 
The treatment plan needs to be individualized with extreme care to minimize 
adverse events. 


9.4 Laryngeal Botulinum Toxin Injection in Patients 
with Vocal Process Granuloma 


Vocal process granulomas are benign exophytic lesions usually of the posterior glot- 
tis [72]. They were described by Jackson in 1928 as “contact ulcers “of the vocal 
processes as a result of injury to the overlying mucosa [73]. The injury is perpetu- 
ated by endogenous and exogenous factors leading to inflammation of the perichon- 
drium and underling cartilages [74]. Phonotrauma and laryngopharyngeal reflux 
disease are the main culprits. Phonotrauma can be in the form of a hard glottal 
attacks, voice abuse, excessively low pitched voice, excessive throat clearing, and 
coughing [75-77]. The “hammer and anvil” effect between the vocal processes is 
thought to be the mechanical basis for the formation of these lesions [78]. Exposure 
of the vocal processes and interarytenoid mucosal lining to the gastric refluxate 
material is also a detrimental predisposing factor. The resultant irritation and aber- 
rant sensation lead to a traumatic laryngeal behavior that perpetuates the mucosal 
injury. The vocal process proliferative lesions often raise the suspicion of an inva- 
sive carcinoma that is masked by an overlying reactive process [79]. Vocal process 
granuloma also may result from traumatic laryngeal manipulation and/or prolonged 
intubation. In 1932, Clausen was the first to report intubation granuloma [80]. When 
the contact pressure of the tube wall exceeds the mucosa capillary perfusion pres- 
sure, ischemia and inflammation occur leading to necrosis and mass formation. The 
size of the endotracheal tube and the duration of intubation are important factors 
[81, 82]. Another less recognized cause of vocal process granuloma formation is 
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glottic insufficiency. In a study of 34 patients with vocal process granuloma, Carroll 
et al. reported glottic insufficiency in 53% of the cases. The authors alluded to the 
potential benefit of vocal fold augmentation in patients who are refractory to con- 
ventional medical therapy [83]. 

The clinical presentation of vocal process granuloma varies markedly. While 
some patients may be asymptomatic, others may present with life-threatening air- 
way obstruction. The most commonly reported symptoms are globus sensation, 
excessive throat clearing, cough, change in voice quality, voice fatigue, and voice 
discomfort. Other reported symptoms include odynophagia and otalgia [72, 83]. In 
rare cases when the lesion is obstructive, patients may complain of shortness of 
breath and dyspnea [83]. The diagnosis of vocal process granuloma is based on 
visualization of the lesion on direct or indirect laryngoscopy. The lesion may look 
exophytic, nodular, hemorrhagic, or ulcerative. A grading system has been sug- 
gested by Farwell et al. that stratifies vocal process granuloma into four categories 
based on the size of the lesion and its appearance [84]. In grade | the lesion is lim- 
ited to the vocal process, sessile, and nonulcerative. Grade 2 lesions are limited to 
the vocal process but are pedunculated and or ulcerative. Grade 3 granulomas extend 
beyond the vocal process; and grade 4 is diagnosed when the granuloma crosses the 
midline when the vocal folds are fully abducted. 

The treatment of vocal process granuloma is daunting because of the diversity in 
clinical presentation and etiology. Several treatment options are described in the 
literature, with no clear guidelines on how to manage these lesions. In a systematic 
review of treatment of vocal process granuloma that included 19 studies (8 nonran- 
domized and 11 retrospective), Karkos et al. reported anti-reflux therapy, speech 
and language therapy (SALP), and intake of steroids as the most common treat- 
ments often used in combination [85]. The large number of treatment alternatives 
reflects the lack of success with any single modality of treatment. Anti-reflux ther- 
apy consists primarily of lifestyle behavioral changes, intake of proton pump inhibi- 
tors, antihistamine antagonists, and in rare cases fundoplication [86]. In a 
retrospective review of 66 patients with vocal process granuloma, 20 of whom were 
diagnosed with GERD, De Lima Pontes et al. reported resolution of the lesion fol- 
lowing anti-reflux treatment in 75% of the cases [87]. In another study by Wani 
et al. which included 21 patients with vocal process granuloma, the authors reported 
complete regression in 14 of 18 patients who tolerated PPI treatment and partial 
regression in 4 [88]. Speech and language therapy (SALT) also has been shown to 
be efficacious in the treatment of patients with vocal process granuloma. It consists 
primarily of voice education and voice exercises that aim at reducing the hardness 
of the glottal attack and other manifestations of laryngeal hyperfunction. Bloch 
et al. in their study of 17 patients with contact granuloma treated with voice therapy 
reported resorption of the lesion in 12 and regression in 4. The treatment consisted 
of relaxation exercises, auditory and kinesthetic feedback, and avoidance of stress/ 
bad phonatory habits [89]. Similar results have been reported in other studies, with 
a regression rate of 87.5% of the cases [87]. The efficacy of SALT is improved when 
combined with anti-reflux therapy. Steroid injection has been shown to be effective 
as well. In a study by Wang et al. on the use of intralesional steroid injection in 
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patients with vocal process granuloma, the authors reported a reduction in the size 
of the lesion by 76% or more with complete remission in 60% at 6 months [90]. 

Conservative therapy using anti-reflux medications and/or SALT is not always 
sufficient. In patients who are refractory to treatment, or those with large obstructive 
lesions, surgery is offered as an option. The surgery can be performed using either 
cold steel instruments or lasers. The overall success rate following surgical removal 
does not exceed 50% with a high recurrence rate reported. In a study by Ylitalo 
et al., the recurrence rate in a group of 36 patients who had multiple surgical treat- 
ments was 92% [91]. In another study of 23 patients with contact granuloma, Hirano 
et al. reported resolution in 100% of the cases after 3 interventions. Ten of the 23 
patients had recurrence after a single intervention. All patients underwent fiberoptic 
laryngeal surgery with or without additional laser therapy or steroid injection [92]. 
Similarly, in a study of 26 patients who underwent a mean of 1.65 + 1.16 in-office 
KTP laser treatment, Dominguez et al. reported complete resolution in 73.1% with 
a median follow-up time of 9.5 months [93]. The incomplete regression of the 
lesions and the high recurrence rate were attributed to the fact that surgery does not 
address the cause of contact granuloma. 

Laryngeal BT injection has gained popularity over the last two decades as a safe 
and effective treatment of vocal process granuloma. Botulinum toxin targets the 
forceful adduction of the vocal folds that is responsible for the mucosal injury or its 
perpetuation in the posterior glottis. By inducing a temporary paresis of the adduc- 
tor muscles, the traumatic contact between the vocal processes is inhibited, thus 
allowing the injured mucosa to heal. The botulinum toxin is usually injected into 
one of the adductor muscles, the thyroarytenoid muscles (TA), lateral cricoaryte- 
noid muscles (LCA), or the interarytenoid muscles (IA). Nasri et al. was the first to 
report Botox injection into the thyroarytenoid muscle in six patients with vocal 
process granuloma [94]. Using the “point-touch technique” described by Green 
et al. [95], the authors reported complete resolution of contact granuloma in all 
patients. A total of 10-15 units of botulinum toxin per patient was injected through 
the cricothyroid membrane or thyroid cartilage. The authors ascribed their therapeu- 
tic success to a decrease in the forceful closure of the vocal folds during phonation. 
The only side effect reported was breathiness which lasted between 2 and 5 months 
[94]. In 1996, Orloff et al. reported the successful treatment of eight patients with 
vocal fold granuloma who had undergone at least one previous surgical excision. 
Four patients needed a second injection, and one needed a third injection. The mini- 
mum follow-up was 11 months, and none of the 8 patients had a recurrence. Seven 
of the eight patients experienced breathiness as a side effect of the treatment. The 
authors attributed regression of the lesion to neurotoxin-induced temporary paresis 
which minimized contact trauma and provided a time window for the granuloma to 
heal [96]. In 2004, Pham et al. reported successful resolution of the laryngeal granu- 
loma (reduction in size by 50% or more) following BT injection into the TA muscle 
in five of six patients, all of whom had previous surgical resection. Three of the six 
patients had laryngopharyngeal reflux disease. The patient that did not respond to 
BT injection had a large obstructive pyogenic granuloma that needed surgical 
removal. No side effects were noted except for breathiness (n = 1) which subsided 
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[97]. In 2007, Damrose and Damrose reviewed a case series of seven patients with 
refractory laryngeal granuloma who had undergone vocal fold BT injection 
(10-15 units) using the percutaneous approach. Five patients had previous surgical 
excision and three had prior voice therapy. On 2-7 weeks of follow-up, all patients 
had resolution of their lesions. Hoarseness was reported by all patients and dyspha- 
gia was reported by four patients [98]. 

The high prevalence of breathiness following TA muscle BT injection and other 
factors have prompted the search for an alternative adductor muscle as a new site of 
injection. Although the change in voice quality was temporary and self-limited, in 
professional voice users or subjects who rely heavily on their voice at work, this 
side effect may be devastating. Another incapacitating side effect of BT injection 
within the TA muscle is dysphagia. The increased risk of aspiration may require a 
change in dietary habits. In an attempt to avoid these side effects, numerous authors 
targeted other laryngeal adductor muscles such as the IA muscle and the LCA mus- 
cle. In 2013, Fink et al. reported the use of IA BT injection in eight patients with 
refractory vocal process granuloma. Five patients had complete resolution of their 
granuloma, and two patients had partial regression. It is worth noting that four of the 
eight patients had concomitant intralesional steroid injection. Half the patients 
experienced mild-to-moderate breathiness which did not affect their daily work. No 
patient had dysphagia or aspiration. The authors highlighted the value of IA Botox 
injection in reducing the forceful closure of the vocal processes, with limited effect 
on the anterior glottis. Moreover, the IA muscle can be identified and targeted per- 
cutaneously under direct vision with no need for laryngeal electromyography [99]. 
In 2015, Yilmaz et al. reported Botox injection into the TA and LCA muscle in 22 
patients with different grades of laryngeal granuloma who were followed up for 
6 months. The authors noted complete regression in 77% of the cases. The unre- 
sponsive cases were treated surgically with additional BT injection [100]. In 2014, 
Lee et al. conducted a multicenter investigation comparing the treatment outcome 
of contact granuloma and reported the highest efficacy in BT injection of the TA and 
LCA (74.2%). The study included 590 patients who were classified as having either 
primary or refractory contact granuloma [101]. In 2017, Pham et al. reviewed the 
medical records of 14 patients with vocal process granuloma and reported 2 cases 
who were treated with botulinum toxin injection within the lateral cricoarytenoid 
muscles. Both patients had regression in the size of their lesion from grade 3 to 
grade 1 following one single in-office injection into the LCA muscle thru the crico- 
thyroid membrane under electromyographic guidance. Breathiness was a side effect 
that lasted only 5 days. The authors ascribed the decrease in the size of the lesion to 
weakening of the LCA muscle contraction responsible for the forceful closure of the 
posterior glottis, thereby decreasing the contact trauma at the tips of the vocal pro- 
cesses. The authors also stressed the need for proper patient’s selection, i.e., those 
who demonstrate LCA-dominant closure pattern on endoscopy with forceful point 
contact at the tip of the vocal process [102]. In 2019, Hamdan et al. reported the 
efficacy of interarytenoid Botox injection in eight patients with vocal process granu- 
loma who had been treated with PPI without improvement. There was a decrease in 
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the size of the lesion in four of the eight patients and complete regression in one. 
The adverse events reported in their study group were breathiness, voice breaks, and 
aspiration (Video 9.2) [103]. 

In summary, the treatment of vocal process granuloma should be individualized. 
The diversity in etiology and the high recurrence rate make treatment very challeng- 
ing. Although anti-reflux therapy and SALP are the most common treatment 
approaches, BT injection may be offered to patients as a first line therapy, generally 
in conjunction with voice therapy and anti-reflux therapy when appropriate. The 
dose of botulinum toxin and the muscle targeted for injection are based on the type 
of glottic closure and response to prior treatment. 


9.5 Laryngeal Botulinum Toxin Injection in Patients 
with Vocal Fold Dysfunction 


Vocal fold dysfunction is a condition characterized by adduction of the vocal folds 
during inspiration associated with symptoms of airway obstruction [104]. The term 
was introduced by Patterson et al. in 1974 [105], following which several anonyms 
have been reported. These include paradoxical vocal fold movement disorder 
(PVFM or PVFMD), irritable larynx, hysteric croup, and fictitious asthma, among 
others. In 2013, the European Society of Otolaryngology, in collaboration with the 
American College of Surgeons, proposed the term “induced laryngeal obstruction 
(ILO)” in reference to airway symptoms that occur following a trigger and regress 
with the cessation of that trigger. The triggers include environmental irritants, 
cough, exercise, perfume, and other stimuli [106]. Affected patients may invariably 
complain of intermittent stridor, dyspnea, throat or neck tightness, dysphonia, and 
difficulty in swallowing. Dyspnea and stridor occur in 73—99% of the cases, and 
dysphonia is reported in almost two-thirds of the cases [107—110]. The most com- 
mon cause of dysphonia is the forceful adduction of the vocal folds during inspira- 
tory, which leads to an increase in the collision force between the vocal folds during 
stridor and hence trauma. The diagnostic criteria commonly used on laryngeal 
examination are vocal fold inspiratory adduction and/or persistence of a posterior 
diamond-shaped chink during the attack. More often than not, the laryngeal obstruc- 
tion is not limited to the glottis but also involves the supraglottic structures. 
Medialization of the false vocal folds, shortening of the distance between the inter- 
arytenoid region and petiole, and abnormal positioning of the epiglottis are observed 
commonly [111]. The intermittency of the airway symptoms and the normal laryn- 
geal examination between the attacks have led to the use of other tests such as the 
provocative laryngeal endoscopic test and continuous laryngeal examination (CLE) 
[108, 112]. The former allows provocation of ILO using an artificial stimulus, 
whereas the latter facilitates continuous observation of the laryngeal structures 
throughout the challenge. CLE has allowed diagnosis in patients whose symptoms 
occur only during peak working capacity and who exhibit normal laryngeal 
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behavior early during attacks [112]. The immediate visual feedback provided by CL 
has also revealed abnormal laryngeal behavior at more than one site. Other diagnos- 
tic tests used commonly in patients with ILO are pulmonary function test and laryn- 
geal electromyography. Pulmonary function test shows truncation of the inspiratory 
phase of flow-volume loop, a diagnostic sign of extra-thoracic airway obstruction. 
A negative methacholine challenge test may support a diagnosis of ILO, whereas a 
positive one is diagnostic of asthma. The treating physician must be aware of the 
high prevalence of asthma as a coexisting morbidity in patients with ILO, a fact that 
may influence the diagnostic utility of methacholine challenge [113, 114]. Laryngeal 
electromyography is also a diagnostic test useful in differentiating ILO from asthma 
and from other forms of laryngeal dystonia or movement disorders. Affected patients 
usually display increased activity in the thyroarytenoid and lateral cricoarytenoid 
muscles during inspiration even when they are not symptomatic [115]. Several 
pathophysiologic mechanisms for ILO have been suggested, the most important of 
which are respiratory dystonia which affects the adductor laryngeal muscles and 
laryngopharyngeal reflux disease. Other suggested mechanisms include laryngeal 
hypersensitivity, mechanical predisposition, upregulation in the adductor laryngeal 
reflex, and psychogenic disorders. Autonomic nervous system dysfunction precipi- 
tated by emotional and physical distress also has been suggested as a cause of ILO, 
very similar to patients with laryngeal hyperfunction [116-121]. 

Given the multidimensional etiology of ILO, there is no clear consensus on the 
best management strategy. Numerous treatment modalities are adopted commonly 
either in isolation or in combination. These include the intake of proton pump inhib- 
itors (PPI) for the control of laryngopharyngeal reflux, speech and voice therapy 
that focuses on the patient education and control of breathing (respiratory training), 
cognitive therapy with feedback laryngeal visualization, psychotherapy, and BT 
injection [122]. BT injection has gained acceptance over the last three decades as a 
conventional, safe, and cost-effective treatment option for ILO, as well as other 
forms of laryngeal dystonia and movement disorders [13]. In 1994, Grillone et al. 
reported the successful use of bilateral vocal fold botulinum injection in seven 
patients with “adductor laryngeal breathing dystonia.” Successful treatment lasted 
13.8 months on average but was associated with adverse events, namely, aspiration 
and change in voice quality [123]. In 2000, Altman et al. reviewed their experience 
in ten patients diagnosed with PVCM, five of whom were treated successfully with 
BT injection and two of whom received biofeedback therapy. The authors stressed 
the value of BT injection as a treatment modality in affected patients [124]. Similarly, 
Maillard et al. reported a case of ILO treated with BT in whom the injection had 
obviated the need for intubation and/or tracheotomy. The vital efficacy of Botox 
injection in the management of acute respiratory distress was highlighted [125]. In 
a review of 46 patients with PVFMD (another name for ILO), Marcinow et al. 
stressed the role of TA muscle BT injection in the treatment of patients not respon- 
sive to laryngeal control therapy. The authors stressed the sensitivity of post-exertion 
flexible laryngoscopy in the diagnosis of PVFMD [109]. In 2014, Baxter et al. eval- 
uated the benefits of BT injection in asthmatic patients who suffered from abnormal 
vocal fold movement. The study was conducted on 11 patients who underwent a 
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total of 24 injections and showed an increase in asthma control test score and 
improvement in the size of the upper airway using computerized tomography of the 
larynx [126]. Similarly, in 2015, Montojo et al. described a 13-year-old girl diag- 
nosed with PVFM who underwent office-based laryngeal injection using BT type 
A. The patient had complete regression of her symptoms for 5 months [127]. The 
effectiveness of BT injection in patients with PVFMD also has been reported by 
deSilva et al. in their review of 13 patients who had 3.85 injections on average per 
patient. The authors noted a significant decrease in dyspnea severity index score and 
improvement/complete resolution of dyspnea in 84.6% of the cases [128]. In a ret- 
rospective chart review of 40 patients with PVFM, Vance et al. reported improve- 
ment in 90% of those who had BT injection, LPR treatment, and/or voice therapy. 
The authors stressed the effectiveness of BT treatment in affected patients [129]. 


9.6 Rare Application of Office-Based Botulinum 
Toxin Injection 


9.6.1 Office-Based BT Injection in Patients with Muscle 
Tension Dysphonia 


Muscle tension dysphonia (MTD) is a voice disorder characterized by excessive 
laryngeal activity. It is a common cause of dysphonia, accounting for one-third of 
patients presenting with a change in voice quality. MTD is considered primary in 
the absence of structural or neurologic disorders and secondary in the presence of 
underlying vocal fold pathology and/or glottic insufficiency [130, 131]. In a study 
of 100 patients above the age of 40 years, Belafsky et al. noted a higher prevalence 
of hyperkinetic laryngeal behavior in patients with vocal fold bowing in comparison 
to those with no vocal fold bowing (17 times more likely) [132]. Precipitating fac- 
tors for MTD include underlying diseases such as gastroesophageal reflux disease, 
personality or psychological disorders, and phonotrauma [130]. Patients with MTD 
often report a change in voice quality described as inappropriate pitch and loudness, 
associated with neck pain or tightness, vocal fatigue, and sore throat. They are 
offered a variety of treatment options that include voice hygiene therapy, vocal 
function exercises, circum-laryngeal manual therapy, medical treatment for reflux 
disease, and phonosurgery in the presence of vocal fold lesions or structural or neu- 
rogenic abnormalities. An alternative rarely offered to patients who are refractory to 
voice therapy is BT injection (Video 9.3). Rosen and Murry reported a 52-year-old 
man who presented with severe dysphonia that was attributed to excessive hyper- 
adduction of the false vocal folds during phonation. The voice was described as 
rough, raspy, and low in pitch. The patient had been treated with voice exercises and 
hygiene without success. Using the peroral approach, 20 units of BT per were 
injected into false vocal folds following which the patient had marked improvement 
in voice quality and resolution of false vocal fold adduction on examination [133]. 
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The results of Rosen and Murry concur with those of Pacheco et al. who reviewed 
their experience with seven patients diagnosed with refractory muscle tension dys- 
phonia who had false vocal fold Botox injection under general anesthesia. A total of 
15 injections were performed with a dose that varied between 30 and 45 units. Of 
the six patients who were followed up, five had improvement in their voice-related 
quality of life score. The complications noted were breathiness in two patients and 
cough in three. The complications were transient and subsided in 1—2 weeks [134]. 


9.6.2 Office-Based Botulinum Toxin Injection in Patients 
with Phonetic Tics 


Phonetic tic is a voice disorder characterized by abnormal laryngeal behavior that 
results in involuntary sounds such as grunting or throat clearing. Although the pri- 
mary treatment of phonetic tics is pharmacologic, some patients are offered laryn- 
geal BT injections as an alternative, although its effectiveness remains questionable 
[135]. In 2004, Porta et al. investigated the effect of vocal fold BT injection in 30 
patients with Tourette’s syndrome and reported improvement in voice tics in 93% of 
the cases, with complete resolution in 50% of the cases (n = 15 patients). Despite 
the fact the majority had hypophonia as an adverse effect of treatment, there was an 
improvement in overall quality of life and premonitory experiences. Patients were 
assessed on several occasions over 12 months [136]. The utility of BT (type A) 
injections also was assessed by Vincent et al. in their case series of two patients. The 
lowest effective dose used was 0.624 units, and repeated injections were needed to 
achieve complete resolution of the tic behavior. The author highlighted the success- 
ful use of neuromuscular blockade in patients with abnormal laryngeal behavior 
[137]. Similarly, Kholi and Blitzer reported a 26-year-old male with history of 
grunting and throat clearing who was treated successfully with laryngeal and facial 
BT injections. There was a subjective and objective improvement with a decrease in 
Yale Global Tic Severity Scale (YGTSS) [138]. Nevertheless, despite the above 
reports, the effectiveness of BT injection should be investigated further. In a review 
by Pandey et al. in 2018, the authors noted the uncertain effect of BT injections in 
the treatment of phonetic and motor tics. The authors also highlighted the high 
prevalence of adverse events following treatment [139]. 


9.6.3 Office-Based Botulinum Toxin Injection in Patients 
with Parkinson’s Disease 


Parkinson’s disease is a slowly progressive, neurodegenerative disease character- 
ized by a decrease/depletion of dopamine in the substantia nigra. Affected patients 
suffer from functional impairment secondary to muscle rigidity and tremor. 
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Hypokinesia and hyperkinesia are the extreme forms of muscle dysfunction com- 
monly observed in these patients. Speech and voice disturbances are among the 
plethora of symptoms that prompt medical attention. The phonatory symptoms are 
ascribed often to restricted mobility of the intrinsic and extrinsic laryngeal muscles, 
both in the horizontal and vertical dimensions. The most commonly reported symp- 
toms are dysphonia, voice tremor, pitch breaks, delayed onset of phonation, 
decreased volume, breathy voice, and difficulty in voice projection. Other symp- 
toms include dysphagia and aspiration. On laryngeal examination, there is bowing 
of the vocal folds, glottic insufficiency, hypo-adduction during phonation, and 
hypo-abduction during inspiration. Abnormal laryngeal movement is observed in 
almost 50% of the cases [140]. A multidisciplinary approach is needed to optimize 
the voice outcome of affected patients. The treatment options commonly offered are 
medical therapy (levodopa), speech and swallowing therapy, medialization laryngo- 
plasty (injection or thyroplasty), and deep brain stimulation [141-144]. Botulinum 
toxin injection is beneficial in selected cases. Sachdev et al. reported successful 
botulinum toxin injection into the posterior cricoarytenoid muscle in 53-year-old 
man with Parkinson’s disease who also suffered from ABSD [145]. The authors 
attributed the ABSD to neurologic abnormalities in the basal ganglia. Further 
research on the clinical use of BT laryngeal injections in patients with Parkinson’s 
disease is needed. 


9.7 Technique of Office-Based Botulinum Toxin Injection 


The procedure starts with identifying the patient, reviewing the patient’s chart with 
confirmation of the diagnosis that requires BT injection, determining vocal fold 
mobility status on the day of the procedure (especially important in patients who 
have undergone BT injection previously), and reviewing history of prior treatment 
including sites and doses of previous injection, if any. The procedure is explained to 
the patient including expected time to onset of benefits; side effects such as allergic 
reaction, breathiness, aspiration, and dysphagia; and reasons for possible injection 
failure such as previously formed antibodies. A signed consent for the procedure is 
obtained after all patient questions and concerns have been addressed. The planned 
dose of BT and the muscles targeted for injection are confirmed verbally with the 
patient and staff. The dose of Botox should be tailored according to the patient’s 
condition and site of the injection. BT can be injected through a flexible laryngo- 
scope with a working channel as shown above, or through the cricothyroid mem- 
brane with EMG guidance, as discussed below. A single or multichannel diagnostic 
EMG machine can be used for EMG needle guidance. A portable, single-channel 
EMG device that provides only auditory information and single-channel recording 
was used in procedure illustrated below. 


Step 1: BT bottle is checked for the expiration date, and the BT is mixed. The dose 
planned for the injection is drawn into a syringe (Fig. 9.1). 
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Fig. 9.1 BT injection 
preparation 


Fig. 9.2 EMG wires are 
connected 


Step 2: The patient is placed in a supine position with the neck extended, after using 
a shoulder roll to improve exposure of the larynx. The procedure can be done 
with a facemask or tracheotomy in place. If the tracheotomy is high and the neck 
is short, it may be necessary to remove the tracheotomy tube to permit needle 
insertion at the correct angles. 

Step 3: Surface electrodes are placed on the forehead, chest, or another part of the 
body away from the neck to ground the patient and help filter background electri- 
cal activity. Typically, surface electrodes consist of a metal disk with a diameter 
of 0.5-2.5 cm (Fig. 9.2). 
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Step 4: Laryngeal landmarks are palpated (laryngeal notch, laryngeal cartilage infe- 
rior border, cricoid cartilage, cricothyroid membrane) for accurate insertion of 
the electrode into the laryngeal muscles (Fig. 9.3). 

Step 5: The neck is cleaned with alcohol pad. 

Step 6: The needle electrode is inserted through the skin and into the target laryn- 
geal muscle (Fig. 9.4). 


Fig. 9.3 Laryngeal 
landmarks palpation 


Fig. 9.4 Needle electrode 
insertion 
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Fig. 9.5 BT is injected 
after identifying the 
intended muscle by vowel 
signal 


Step 7: When the needle is positioned, the patient is asked to perform laryngeal 
maneuvers (phonatory, respiratory, or swallowing) that require activation of the 
muscle of interest and relative relaxation of other muscles of the larynx. When 
the needle is in the correct position, the auditory signal heard through the EMG 
device’s speaker will be increased with the appropriate laryngeal maneuver 
(Video 9.4). 

Step 8: BT is injected through needle electrode once the intended muscle is identi- 
fied under EMG guidance (Fig. 9.5). 

Step 9: Achieving the desired result is confirmed by hearing signal decrease in the 
laryngeal muscle targeted for the injection as needle tip is surrounded by liquid 
that separate it from muscle. 


Safety Considerations 

Current may leak from the electrodiagnostic system and lead to death or injury ina 
patient by causing ventricular fibrillation. To minimize the risk of this complication, 
every patient must be grounded, the current leakage from the instrument should not 
exceed 10 microamperes, and the procedure should be avoided in patients with a 
cardiac pacemaker. 
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Chapter 10 A 
Office-Based Laryngeal Laser Therapy get 


10.1 Introduction 


The history of laser in laryngology dates back to the 1960s. Strong and Jako were 
the first to report the use of the CO2 laser in the treatment of benign and malignant 
lesions of the larynx [1]. The CO2 laser is a diode laser with a wavelength of 10.6 
micrometers that is absorbed preferentially by water. Its limited depth of penetration 
and scattering allows precise excision of mucosal and submucosal lesions [2]. 
Because of its cutting and hemostatic properties, the CO2 laser became the laser of 
choice for many otolaryngologists. The advances in instrumentation and the inven- 
tion of the micromanipulator enhanced its widespread use in endoscopic resection 
of laryngeal masses [3-11]. In a retrospective analysis of 49 patients with Tla glot- 
tic cancer treated with CO2 laser, Schrijvers et al. reported a local control rate simi- 
lar to that of patients treated with radiation therapy [6]. Similarly, in a randomized, 
prospective study of 37 patients with exudative lesions of the vocal folds, Benninger 
et al. showed identical results in those treated with cold steel microdissection and 
those treated with the CO2 laser. Significant improvement was noted in perceptual 
voice analysis in the laser group on long-term follow-up compared with nonsignifi- 
cant improvement in the microdissection group [7]. 

The use of CO2 laser in laryngology practice came at a cost. Inadvertent injury 
to the superficial, intermediate and deep layers of the lamina propria secondary to 
excessive tissue heating and necrosis often led to scar formation with detrimental 
effects on voice [12—15]. In a review of 244 patients with recurrent respiratory pap- 
illomatosis who underwent CO2 laser treatment, Dedo and Yu reported web forma- 
tion in 27% of the cases [13]. Similarly, in a study of 59 patients with benign lesions 
of the larynx treated with CO2 laser, Shapshay et al. reported residual disease and/ 
or hoarseness in 23 patients and worsening of voice quality in two [14]. The authors 
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advocated the use of a pulse mode and a low-power setting. In another review of 235 
patients who had undergone laser surgery, Geyer et al. reported irregular vocal folds 
edges and incomplete glottic closure postoperatively in 5.2% and 3.5% of the cases, 
respectively [15]. In their review of CO2 laser in laryngeal surgery, Sataloff et al. 
stressed the hazards of thermal injury and scar formation in addition to tissue loss 
secondary to vaporization, which often preclude histologic examination of the sur- 
gical margins. The authors also stressed the use of the super-pulse mode and the 
smallest spot size available (0.15 mm or less) in order to avoid injury to the underly- 
ing structures [12]. 

In view of the above limitations of the CO2 laser, other lasers with a wavelength 
range near to the absorbance peak of oxyhemoglobin were advocated. The most 
commonly used were the pulse dye laser (PDL) with 585 nm wavelength and the 
potassium titanyl phosphate (KTP) laser with a wavelength of 532 nm, both of 
which are no longer manufactured. Their minimal depth of penetration (less than 
2 mm) and their selective absorption by hemoglobin allow treatment of submucosal 
lesions, especially vascular lesions, with minimal injury to the overlying mucosa 
[2]. For years, the use of photoangiolytic lasers was limited to the operating room 
with high success [16-19]. McMillan et al. investigated the efficacy of PDL in the 
treatment of recurrent respiratory papillomatosis (RRP) involving the larynx and 
reported complete regression of disease with preservation of the overlying mucosa 
[16]. Valdez et al. reported the use of PDL in 10 patients with RRP who underwent 
13 procedures and showed complete regression in 7 patients and partial regression 
in two [17]. Franco et al., in their review of 41 patients with RRP treated with PDL, 
stressed the enhanced effect of laser therapy in facilitating dissection and in provid- 
ing good hemostasis. Notably, 90% of their patients had bilateral lesions, and 63% 
had involvement of the anterior commissure [18]. Similarly, Burns et al. reported 
their experience with KTP laser in the treatment of 37 patients with laryngeal papil- 
lomatosis in the operating room and showed 90% disease regression in nearly 80% 
of those who were assessed postoperatively. Partial regression (50-74%) was 
achieved in 9% of the cases [19]. 

Despite the high success rate of photoangiolytic lasers in the operating room, 
patients in need of frequent surgical intervention may benefit from another option 
that spares them the risk of repeated general anesthesia and the known complica- 
tions of suspension microlaryngoscopy [20-25]. Technical advances, such as devel- 
opment of distal chip flexible endoscopes with a working channel and the ability to 
deliver lasers using glass fibers, led to changes in laryngology practice towards 
office-based surgery [26]. Office-based laser therapy offers patients fast recovery 
and decreased morbidity, in addition to other advantages such as improved time 
efficiency and reduced cost [27-29]. The PDL was the first photoangiolytic laser to 
be used in an office setting [30]. Although it has been shown to be efficacious in 
treating laryngeal mucosal and submucosal lesions, its use had some shortcomings 
and limitations. Its short pulse-width was associated with a high risk of bleeding 
which obscured the surgical bed and decreased the efficacy of therapy, as the laser 
energy is absorbed by blood at the surface. This diminished selectivity, as reported 
by Zeitels et al., reduced effective intravascular coagulation of the PDL and 
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predisposed to bleeding and coughing during surgery in many cases [30]. Other 
technical limitations of PDL included the large size of the glass fiber and frequent 
mechanical failures of the laser. All the above shortcomings limited its adoption in 
the office and paved the way for KTP laser as an alternative. The extended pulse- 
width of KTP laser (1.5 ms) in comparison to the PDL prolongs intravascular coag- 
ulation time and reduces the risk of bleeding. Additional technical advantages 
include the smaller fiber size, reduced cost, and increased hardware reliability [31]. 
Other lasers that also emerged for office-based therapy included are the CO2 laser 
and the thulium laser [32-34]. In 2006, Jacobson et al. reported their experience 
with flexible CO2 laser in a 74-year-old woman diagnosed with extensive laryngeal 
amyloidosis that extended to the trachea. Using the laser waveguide though a mal- 
leable suction (photonic band-gap assembly, developed by Omni Guide. Inc, 
Cambridge, MA), the authors were able to ablate the lesion in areas that had been 
inaccessible previously [33]. Zeitels et al. introduced thulium laser for management 
of benign and malignant laryngeal masses. Thulium laser is a diode laser with a 
wavelength of 2013 nm and a greater affinity for water than PDL and KTP lasers. 
Its main advantage in addition to its fiber delivery that allows its use in the office is 
superior hemostasis [34]. 

The blue laser (445 nm) is the successor to the KTP laser. It was approved by the 
FDA for use in the United States in March 2020 but has been used longer in Europe 
and elsewhere. Its use is similar to use of KTP laser, but the blue laser has specific 
differences with which the surgeon should be familiar. The laser energy can be 
delivered through a 300 micron or 400 micron fibers. For varicosities and ectasias, 
the author (RTS) favors settings of 2—4 watts (usually starting at 3 watts) 30 msec 
on time (pulse duration) and with single pulse for ectasias or 300 msec off time 
(pulse pause) for larger varicosities. The 300 msec off setting allows use that stimu- 
lates continuous laser application allowing the laser to be moved down or up the 
length of the vessel but with enough off time to allow the surgeon to take his/her 
foot off the pedal to stop the laser between pulses. It also provides tissue relaxation 
between pulses that is not available with continuous mode and that may help mini- 
mize adjacent tissue injury. The non-touch technique is the same as that for the KTP 
laser; but the blue laser also can be used as a contact laser. At low-power densities, 
this allows excellent precision. As an added feature, the blue laser also functions 
quite effective in cutting mode for small or moderate mass lesions and for subglottic 
or posterior laryngeal stenosis. For cutting, typical settings are 6-10 watts, 
40-60 msec on time, and 150 msec. off time. 

This chapter reviews the clinical application of office-based laser in the treat- 
ment of benign, premalignant, and early malignant lesions of the larynx. The limi- 
tations and complications of office-based laser therapy are discussed thoroughly. 
This information is invaluable to otolaryngologists who elect to treat patients with 
various laryngeal diseases in the office. As is with any surgery, patients for whom 
in-office laser surgery is planned should be prepared and informed fully. In addi- 
tion to preparation and consent discussions reviewed elsewhere in this book, the 
preoperative conversation should include issues specific to the laser and laser 
safety. . 
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10.2 Review of the Clinical Application of Laser Therapy 
in an Office Setting 


10.2.1 Office-Based Laser Therapy in Patients 
with Laryngeal RRP 


Recurrent respiratory papillomatosis (RRP) is a disease of the respiratory epithe- 
lium caused by the human papilloma virus usually types 6 and 11. It has a bimodal 
age distribution affecting children and adults in their third/fourth decade of life 
[35-38]. Laryngeal RRP is one of the most common benign tumors of the upper 
aerodigestive tract and is treated traditionally in the operating room using cold steel 
instruments and/or lasers (diode/photoangiolytic lasers). The main goal of therapy 
is to maintain airway patency while preserving voice quality. Keeping the balance 
between phonation and breathing is important in the long-term management of 
patients who need frequent surgical intervention, particularly in the pediatric popu- 
lation. Based on a review of the US national registry of juvenile-onset RRP, a child 
needs on average 4.4 procedures a year, with surgical intervention every 1 to 
2 months [39]. In view of the frequent need for surgical intervention, the treatment 
of laryngeal RRP has witnessed a marked shift over the last two decades from the 
operating room to the office (Video 10.1). This change has spared patients the risk 
of general anesthesia and the morbidity of suspension microlaryngoscopy without 
jeopardizing surgical outcome. In 2004, Zeitels et al. reported the successful use of 
office-based PDL therapy in 51 patients, among whom 30 had laryngeal papilloma- 
tosis. The authors reported 50% disease regression in 88% of the cases and improve- 
ment in self-reported voice quality in 34 patients [30]. In 2006, the same authors 
conducted a prospective study of 20 patients with laryngeal papillomatosis who had 
undergone 36 office-based KTP laser therapy. They reported success in all the cases, 
although disease regression was not assessed routinely on follow-up. Patients came 
for surgical intervention only when they had recurrence of their symptoms. The 
authors stressed the hemostatic property of KTP laser in the management of these 
patients [31]. In 2007, Koufman et al. reported 59 patients with RRP who under- 
went 212 office-based laser procedures using the PDL. Only 15% of their study 
group needed surgical intervention under general anesthesia, and none of the 
patients had complications during office procedures [40]. Mouadeb and Belafsky 
reviewed their experience with office-based PDL in the treatment of 47 patients, 
60% of whom had RRP. The authors reported successful outcome in 89% of the 
cases [41]. In another study, Halum and Moberly reported complete disease regres- 
sion in two of five patients with RRP who were treated with CO2 laser and PDL. The 
patients were assessed | month following surgery [42]. Kuet and Pitman investi- 
gated the surgical outcome of 21 patients with RRP who underwent 81 office-based 
laser procedures using PDL (n = 2) and KTP laser (n = 19) [43]. The authors reported 
improvement in the VHI-10 score (24.5 preoperatively vs. 15.9 postoperatively), 
GRBAS score (8.9 preoperatively vs. 4.9 postoperatively), and Derkay score (6.1 
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preoperatively vs. 3.0 postoperatively) [44]. In a retrospective review of 33 patients, 
8 of whom had RRP, Centric et al. reported the need for hybrid treatment, such as 
office-based and surgical intervention in the operating room, in order to achieve 
complete disease control [45]. Similarly, in a review of 255 patients who underwent 
office-based angiolytic laser surgery, 13% of whom had RRP, Del Signore et al. 
reported complete disease regression in 50% of the cases [46]. 

In summary, office-based laser therapy is an effective and safe treatment of 
laryngeal RRP that spares the patient the need for general anesthesia and suspension 
direct laryngoscopy. In selected cases, hybrid treatment may be necessary to achieve 
disease control. Both diode lasers and photoangiolytic lasers are used, and the suc- 
cess of surgery is gauged by disease regression and improvement in voice quality. 
Maintaining a balance between breathing and phonation is advocated. 


10.2.2 Office-Based Laser Therapy in Patients with Benign 
Vocal Fold Lesions 


Benign lesions of the vocal folds consist primarily of polyps, nodules, cysts, pseu- 
docysts, Reinke’s edema, fibrous masses, and nonspecific lesions. The taxonomy of 
these lesions is still evolving with more rigorous diagnostic criteria being used to 
differentiate one entity from the other [47]. Phonotrauma, laryngopharyngeal reflux, 
and smoking are the primary risk factors eliciting a cascade of inflammatory reac- 
tions leading to mucosal and submucosal injury [48-50]. Inflammatory markers 
[51-52] and dysregulation in apoptosis are linked significantly to the formation of 
many of these lesions [53]. Affected patients usually are advised to undergo voice 
therapy for the purpose of enhancing vocal hygiene while also reducing laryngeal 
hyperfunction and mechanical stress and trauma during phonation. In patients with 
vocal fold scar or fibrous masses, treatment also aims to improve the pliability of the 
vocal fold cover. Failure to respond to conservative therapy, particularly in cases of 
symptomatic vocal fold polyps and cysts that have not improved with voice therapy, 
is an indication for microsurgical resection. 

With the trend in laryngology toward office-based surgery, several treatment 
options are offered including laser therapy. The advances in laser technology and 
mode of delivery have allowed office-based laser therapy to gain significant popu- 
larity as a safe and successful alternative to laser surgery under general anesthesia. 
In 2006, Zeitels et al. reported five cases of benign vocal fold pathology (three cases 
of vocal fold edema and two cases of granuloma) who were treated successfully 
using thulium laser in an office setting. The authors highlighted the ablating, hemo- 
static, and cutting properties of the thulium laser when used in a noncontact and 
contact mode (Videos 10.2 and 10.3). The authors also stressed the adverse thermal 
effect of thulium laser on neighboring tissues and the need for selective application 
of this laser [34]. In 2007, in their review of office-based laser therapy, Koufman 
et al. reported complete regression with voice improvement in 10 of 12 patients with 
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Reinke’s edema whose follow-up was available [40]. Similarly, Mouadeb and 
Belafsky reported the successful use of office-based PDL laser therapy in 104 of 
117 procedures. Their study group included 16 cases of Reinke’s edema, 8 cases of 
polyps, and 8 cases of granuloma. Only 20% of patients with Reinke’s edema and 
28.6% of patients with polyp required surgery in the operating room. The authors 
advocated the use of PDL as a “promising tool” in the management of patients with 
laryngeal diseases [41]. In 2013, in their review of patients treated with office-based 
PDL, Centric et al. reported complete regression in six of ten patients with vocal 
fold vascular lesions [45]. In 2015, Del Signore et al. investigated the long-term 
outcomes of photoangiolytic laser therapy in 255 patients, 57% of whom had polyps 
and/or varices, and reported the need for subsequent intervention in only 11% of the 
cases [46]. Similarly, in 2020, Hamdan et al. investigated the subjective and objec- 
tive voice outcome of 20 patients with vocal fold polyps who were treated with 
thulium laser in the office and reported complete regression of the lesion in 16 and 
partial regression in 4. The mean score of VHI-10 decreased from 15.6 preopera- 
tively to 4.6 postoperatively. Moreover, there was an improvement in glottic closure 
and mucosal wave in the majority of the patients [54]. The same authors also 
reported three cases of vocal fold mucus retention cysts that were treated success- 
fully in the office using thulium laser. Follow-up at 1 year showed complete regres- 
sion of the lesion in all three cases with no recurrence. The authors (ALH) advocated 
office-based laser therapy in patients with vocal fold cysts who are at high risk for 
general anesthesia and/or not willing to undergo microlaryngeal surgery [55]. 
Office-based laser treatment also has emerged as an option in the management of 
patients with vocal fold scar. Mortensen et al. reported subjective improvement in 
voice in 10 of 11 patients with vocal fold scar who were treated using PDL at 
3-month intervals. In parallel with the significant decrease in VHI-10 score (48.44 
preoperatively vs. 35.55 postoperatively), there was a decrease in perturbation 
parameters (jitter and shimmer) and a significant increase in mean phonatory flow 
[56]. Based on animal studies, the therapeutic effect of photoangiolytic lasers is 
mediated via upregulation of extracellular matrix components and modulation of 
metalloproteinase gene expression and other inflammatory genes. Another sug- 
gested mechanism is cleavage of the sub-basement membrane [57, 58]. 
Office-based laser treatment also has been shown to be useful in pitch modula- 
tion. Abitbol was the first to describe the use of laser in the operating room to raise 
the vocal pitch in selected cases. By creating an incision lateral to the vocal liga- 
ment and removing part of the thyroarytenoid muscle, the author reported an 
increase in vocal pitch [2]. The increase was ascribed to the inverse relationship 
between mass and fundamental frequency. The same principle has been applied in 
patients with Reinke’s edema. In 2015, Koszewski et al. reported the voice changes 
of 19 patients with Reinke’s edema who were treated with photoangiolytic lasers 
and showed an increase in the highest and lowest fundamental frequency (290 Hz 
vs. 482 Hz and 110 Hz vs. 119 Hz, respectively), a decrease in percent jitter (4.05 
vs. 1.66), and an increase in maximum phonation time (8.77 seconds vs. 9.29 sec- 
onds) postoperatively. The improvement in acoustic and aerodynamic measures was 
accompanied by a significant decrease in VHI score and an increase in Dysphonia 
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Severity Index. The energy delivery during the procedure was tailored individually, 
and blanching of the lesion was the cut point in ending the treatment session [59]. 
Similarly, Hamdan et al. reported their experience with 12 patients with Reinke’s 
edema treated with thulium laser in an office setting. There was an increase in the 
mean habitual pitch from 125. 11 Hz to 155.86 Hz (133.14 Hz to 170.21 Hz in 
females (n — 8) and 103.66 Hz to 117.57 Hz in males (n = 3)), with significant 
decrease in the perturbation parameters. In parallel with the improvement in the 
acoustic parameters, there was significant improvement in the mean VHI-10 score 
(15.0 preoperatively vs. 3.07, postoperatively), associated with regression (com- 
plete or partial) of the lesions in 11 of 12 patients [60]. 

In summary, most benign lesions of the vocal folds can be treated by laser in an 
office setting. Diode and photoangiolytic lasers can be used depending on the type 
of lesion. When hemostasis is a concern, as in patients with hemorrhagic lesions, 
photoangiolytic lasers usually are advocated. The success of the procedure is gaged 
by disease regression and improvement in voice quality. 


10.2.3 Office-Based Laser Therapy in Patients with Dysplasia/ 
Carcinoma In Situ 


Laryngeal dysplasia is a challenging condition given its unpredictable rate of malig- 
nant transformation and high risk of recurrence. It is stratified into four categories: 
mild, moderate, severe, and carcinoma in situ, based on the degree of histologic 
changes. Many authors consider and treat severe dysplasia as carcinoma in view of 
the fine line of demarcation and subjective readings of the histologic features of 
these lesions. The morphologic appearance of the lesion varies and is not always 
predictive of its true nature or future behavior. Smoking, laryngopharyngeal reflux, 
and high alcohol consumption are the main risk factors for leukoplakia which may 
be dysplasia or carcinoma [61—63]. The treatment of laryngeal dysplasia is daunting 
and several treatment methods have been suggested. Traditionally, the lesion is 
excised in the operating room using cold steel instruments and/or lasers. With the 
introduction of the working channel laryngoscopes and laser glass fibers, office- 
based laser therapy has become another standard therapeutic modality (Video 10.4). 
In a review of 52 cases of laryngeal dysplasia treated with PDL, Zeitels et al. 
reported 50% disease involution in 88% of the cases with improvement in voice 
quality. The disease regression was ascribed to selective photo-angiolysis and dena- 
turing of the basement membrane binding proteins [30]. In 2006, the same authors 
reported their experience with office-based KTP laser therapy in 48 patients (72 
cases), 36 of whom had recurrent dysplasia. Of the 29 patients who had follow-up 
for 4-8 weeks after surgery, 18 had 75% disease regression, 7 had 50-75% disease 
regression, and 4 had less than 50% disease regression [31]. In another study using 
thulium laser, Zeitels et al. also described six cases of microinvasive laryngeal car- 
cinoma that were treated successfully in an office setting. The laser was delivered 
using a glass fiber 0.365 mm in diameter at a power setting of 4-7 watts [34]. In 
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2007, Koufman et al. reported the surgical outcome of 79 patients treated with PDL, 
25 of whom had glottal leukoplakia/dysplasia. With a mean follow-up of 16 months, 
20 patients had been treated successfully, and only 5 required surgical treatment in 
the operating room [40]. In 2009, Halum and Moberly, in their study on patient 
tolerance of the flexible CO2 laser, reported complete regression in one patient with 
leukoplakia and residual disease in another [42]. 

In summary, office-based laser therapy may be used for treatment of patients 
with vocal fold dysplasia and/or carcinoma in situ. The application of photoangio- 
lytic lasers results in selective angiolysis of the feeding vessels and denaturing of 
the basement membrane proteins leading to disease regression. The predictive value 
of the morphology of the lesion and its grade in regard to treatment and long-term 
control needs further investigation. 


10.2.4 Rare Application of Office-Based Laser Therapy 


One rare application of office-based laser therapy is vocal fold lateralization in 
patients with bilateral vocal fold paralysis. Hamdan et al. described a 54-year-old 
woman with bilateral vocal fold paralysis who underwent office-based thulium 
laser partial arytenoidectomy using a flexible endoscope with a working channel 
that was introduced through the oral cavity. The authors used a power range 3.5 to 
4.5 W, duration 70 to 300 milliseconds, repetition 2 to 4 Hz, and aiming beam at 
65%. The procedure was tolerated well and the patient was decannulated 3 weeks 
following surgery. There was significant widening of the glottal chink commensu- 
rate with improvement in her dyspnea. Notably, the patient had worsening of her 
voice and an increase in her VHI-10 score, as expected following arytenoidec- 
tomy [64]. 


10.2.5 Office-Based Application of Blue Laser 
in Laryngeal Surgery 


As discussed early in the introduction, the blue laser is a promising tool that is 
replacing the photoangiolytic PDL and KTP lasers commonly used by otolaryn- 
gologists. The blue laser is distinguished by its “hybrid” property which allows both 
cutting when used in the contact or near-contact mode and hemostasis when used at 
a distance or near contact. The amount of energy delivered varies with the fiber tip 
to tissue distance and with handling of the fiber during surgery, particularly the 
speed of movement. Other factors that affect fluence are the energy setup, duration 
of pulse, and time of surgery. The literature is scarce on the application of blue laser 
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in laryngology. In a recent report, Hess et al. describes the successful use of the blue 
laser in patients with various laryngeal pathologies including cysts, RRP, and dilated 
vessels. The authors stressed the need to tailor the surgery and power setting accord- 
ing to the type of lesion [65]. Hamdan et al. has also described 11 cases of various 
vocal fold pathologies treated with blue laser in an office setting and reported partial 
and/or complete regression of the lesion in all cases (in press). Another rare office- 
based application of blue laser is subglottic stenosis. Sataloff et al. described a 
57-year-old male with a subglottic polyp who was treated successfully with blue 
laser in an office setting. The patient’s symptoms of dyspnea and stridor improved 
immediately following complete ablation of the polypoidal mass and restoration of 
the airway patency (Fig. 10.la—c). More research on voice outcomes of blue laser in 
office-based laryngeal surgery is needed. 


Fig. 10.1 This 57-year-old male had been intubated 1 1⁄2 years prior to this procedure for airway 
compromise from Stage II lymphoma with a neck mass compressing his airway. He was extubated 
after 12 days and had immediate dysphonia and airway compromise. He had been followed by 
another physician. He presented to the author (RTS) with acutely worsening dyspnea and with 
stridor. (a) shows a polyp immediately below his vocal folds obstructing much of his airway. His 
vocal folds were minimally mobile due to mechanical impairment of his cricoarytenoid joints. The 
polyp was vaporized in the office with a blue laser (b). An excellent airway was established (c), 
relieving his symptoms and avoiding the need for tracheotomy 
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10.3 Limitations and Complications of Office-Based 
Laryngeal Laser Surgery 


10.3.1 Limitations of Office-Based Laryngeal Laser Surgery 


Office-based laser surgery has its limitations, the most important of which is patient 
tolerance. A low threshold for pain and/or a hyperactive gag reflex may lead to 
termination of the procedure. In 2004, in a review of office-based PDL treatment of 
30 cases of laryngeal RRP and 52 cases of dysplasia, Zeitels et al. reported aban- 
donment of the procedure in 5 cases. Three of the five cases were terminated 
because of patient discomfort and two because of insufficient visualization and/or 
exposure [30]. In 2007, in their review of 443 cases of office-based laryngeal laser 
surgery, Koufman et al. described one case of vasovagal attack that required cessa- 
tion of the procedure [40]. Two years later, Mouadeb and Belafsky reported termi- 
nation of 13 office-based laser therapy out of 47. The main cause was uncomfortable 
level of anesthesia [41]. In a study by Centric et al., office-based PDL treatment 
was tolerated by 97% of the patients except one with granuloma who developed an 
anxiety attack and was not able to tolerate the procedure [45]. In a study of 19 
patients with Reinke’s edema, Koszweski et al. reported stopping the procedure in 
4 because of poor patient tolerance [59]. In a recent study by Hamdan et al. on 
patient tolerance and experience in office-based laryngeal surgery, the authors 
reported a tolerance score of 1.68 + 1.05 and an overall experience score of 
1.85 + 1.13 on a scale of 1-5. The study group included 63 office-based laser pro- 
cedures that were performed using the transnasal approach except for 3 who had 
undergone the transoral approach. The total duration of the procedure did not 
exceed 18.24 minutes [66]. 

Another limitation of office-based laryngeal laser surgery is the need for excel- 
lent dexterity. The surgeon often struggles to aim laser beam at a moving target and/ 
or to gauge the fiber-to-tissue distance during surgery. The “line-of-sight limita- 
tion,” described by Woo as the compromised view given the limited vectors of visu- 
alization, is also another challenge [67]. As the laser energy is absorbed best in a 
plane perpendicular to the fiber, limited tangential angles of the laser beam restrict 
delivery of the laser in a three dimensional plane. Moreover, the inability to retract 
tissue hinders visualization and limits the treatment of lesions that extend to the 
lower lip of the vocal folds. This limitation is further compounded by the lack of 
anatomic uniformity of the vocal fold that inevitably leads to uneven distribution of 
the laser beam energy. Any lesion that lies off the perpendicular axis of delivery is 
likely to receive suboptimal energy. When retraction is necessary, it can be accom- 
plished with an indirect laryngeal suction placed transorally by an assistant. 

Another technical challenge is the lack of a clear end-point as to when the sur- 
geon should stop the surgery. Given that photoangiolytic lasers target the vessels, 
surgeons often rely on blanching of the lesion or blackening of a vessel, rather than 
complete removal in deciding when to end surgery [2, 45, 67]. Last but not least, 
office-based laryngeal laser surgery usually is performed without taking a specimen 
for histopathologic examination. This decision stems from the limited anesthesia 
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time and/or the fear of bleeding which may decrease the efficacy of photoangiolytic 
lasers. Particularly, in cases in which thulium or CO2 lasers are used, part of the 
tissue is vaporized and the margins are usually damaged by charring and carboniza- 
tion. In many cases, the lesion is vaporized completely leaving no specimen for 
histologic examination. 


10.3.2 Complications of Office-Based Laryngeal Laser Surgery 


Laser-related accidents such as cutaneous or mucosal burns and/or injury to the eyes 
have not been reported in office-based laryngeal surgery. This can be attributed to 
strict adherence to laser safety protocols and to the fact that the laser fiber is pro- 
tected by the working channel of the endoscope which usually precludes inadver- 
tent injury to the skin or to mucosal lining of the pharynx and larynx during surgery 
[2]. However, phonatory and airway complications have been reported and were 
ascribed to vocal fold hemorrhage and/or purpura, vocal fold scar, and persistent 
edema [40, 43, 58]. Koufman et al. reported two patients with Reinke’s edema who 
developed vocal fold hemorrhage following laser treatment and one patient with 
subglottic granuloma who had the tip of the glass fiber break off during treatment 
[40]. Similarly, Mouadeb and Belafsky described a patient with Reinke’s edema 
who developed stridor after office-based laser therapy, which necessitated admis- 
sion and observation. The study included 47 patients who had undergone1 17 proce- 
dures [41]. In another study of 19 patients with Reinke’s edema who underwent 
office-based laser therapy, Koszweski et al. reported worsening of the MPT in 3 
patients and an increase in airway resistance in 1 patient. Six patients had to undergo 
several procedures [59]. In the study by Del Signore et al., unwanted prolonged 
edema and hyperemia occurred in 2.5% of the cases [46]. 

In summary, unsedated office-based laser therapy is a viable treatment option in 
patients with vocal fold pathology. Despite the advances in technology, there are 
still many limitations to this procedure, the most important of which is patient toler- 
ance and restricted angle of vision while aiming with the laser beam. Complications 
are infrequent. These include primarily vocal fold hemorrhage, scar, and persistent 
edema which may lead to airway obstruction. Residual disease after a single inter- 
vention often requires multiple treatment sessions, and patients should be advised of 
this common scenario during the surgical consent discussion. 
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Chapter 11 A 
Office-Based Laryngeal Injections gese 
of Steroids and Other Pharmaceutical 

Agents 


11.1 Office-Based Laryngeal Steroid Injections 


Glucocorticoids are molecules that are present naturally in our body. Their endog- 
enous secretion is regulated by the hypothalamic-pituitary-adrenal axis. 
Glucocorticoids play a regulatory role in physiologic and pathophysiologic condi- 
tions such as metabolic disorders and immune diseases. Their effect is modulated 
via genomic and nongenomic pathways. By acting on membrane-associated recep- 
tors in various cells such as macrophages, monocytes, and lymphocytes, glucocor- 
ticoids can induce inhibition of inflammatory mediators. Similarly, their transcriptive 
and transactive genomic effects modulate the inflammatory response to various 
stimuli leading to a decrease in vasodilation and edema [1, 2]. 

Glucocorticoids are used commonly in laryngology in the treatment of acute and 
chronic inflammatory disorders. In a meta-analysis on the effect of steroid adminis- 
tration (intramuscularly, orally, and subcutaneously) in laryngotracheitis, Kairys 
et al. reported significant benefit within 12-24 h [3]. The authors noted that the 
response was dose-dependent [3]. Similarly, in a systematic review of 19 studies on 
the diagnosis and management of croup, Johnson stressed the effectiveness of oral, 
systemic, and nebulized (budesonide) corticosteroids as adjuncts to racemic epi- 
nephrine and humidification in the treatment of acute respiratory symptoms [4]. 
Ossoff et al., in their case series of 15 patients with acute epiglottitis, advocated the 
use of steroids, particularly when combined with antibiotics and humidified oxygen 
[5]. Steroids also are used in the management of chronic inflammatory and autoim- 
mune diseases that affect the larynx [6-9]. Bower et al. highlighted the role of sys- 
temic steroids in the treatment of life-threatening laryngeal manifestations of 
sarcoidosis [6]. Similarly, Korbet et al. described a case of inactive systemic lupus 
erythematosus (SLE) diagnosed with arytenoiditis who was treated successfully 
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with steroids. The symptoms of dyspnea and airway obstruction improved markedly 
following therapy [7]. Solans-Laqué et al. reported six cases of Wegner’s granulo- 
matosis (now called granulomatosis with polyangiitis) and subglottic stenosis, four 
of whom were controlled with systemic steroids and cyclophosphamide, and one 
was treated successfully with intralesional steroid injection and tracheal dilation 
[9]. The authors stressed the disparity between the clinical stage of the disease and 
laryngeal involvement. 

Despite the efficacy of steroids in the treatment of laryngeal inflammatory disor- 
ders, their systemic side effects remain a major concern. These include aggravation 
of hypertension, diabetes, gastroesophageal reflux disease, glaucoma, and osteopo- 
rosis among other metabolic disorders [2, 10]. To circumvent many of these above 
effects, intralesional steroid injection (ILSI) has been advocated as an alternative to 
systemic therapy. Its main advantage is the high regional drug concentration associ- 
ated minimal adverse systemic effects. Traditionally, ILSI was performed in the 
operating room following laryngeal microsurgery and as adjuvant therapy in patients 
with chronic inflammatory diseases [11—15]. With the advances in technology and 
successful application of topical anesthesia to the upper airway, laryngeal steroid 
injections are now performed safely in an office setting. Common indications 
include vocal fold benign lesions, vocal fold scar, and subglottic stenosis. A review 
of office-based steroid injections in the management of these conditions is pre- 
sented below. The surgical outcomes and complications of ILSI also are reviewed. 
This information is invaluable to otolaryngologists who need to counsel patients 
regarding success rate and failure of office-based steroid injections. 


11.2 Office-Based Steroid Injections 
in Laryngotracheal Stenosis 


Laryngotracheal stenosis is characterized by narrowing of the upper airway leading 
to impairment in breathing. The most common causes are prolonged intubation, 
laryngopharyngeal reflux, autoimmune diseases, and neoplasms. The clinical pre- 
sentation of laryngotracheal stenosis varies with the extent of the disease. Patients 
with mild obstruction may be asymptomatic or present with decrease in exercise 
tolerance, whereas patients with severe obstruction often complain of shortness of 
breath and stridor [16-18]. Laryngotracheal stenosis is treated endoscopically and/ 
or using open surgical techniques. The management strategy depends on the etiol- 
ogy of the stenosis, its severity, and the presence of associated comorbidities. 
Endoscopic treatment consists primarily of dilatation, radial incisions using cold 
steel instruments or laser, and endoscopic removal of fibrotic scar using mucosal 
flaps. Open surgery may involve segmental tracheal resection, cricotracheal resec- 
tion, and/or laryngotracheoplasty [18, 19]. 

Steroid injection has been recommended as an adjunct treatment for many cases. 
The effect is mediated via a decrease in fibroblast activity and hence collagen depo- 
sition [20, 21]. Several studies have shown that ILSI is beneficial in reducing 
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recurrence of scar formation and in prolonging surgery-free intervals [22—25]. Ina 
review of 45 patients with subglottic stenosis treated with serial dilatation and sub- 
mucosal corticosteroid injections, Wierzbicka et al. reported improvement in 
56-75% of the cases. The mean follow-up was 76 months [22]. Similarly, Wolter 
et al. reported successful treatment with corticosteroid injection and dilatation of 12 
patients with subglottic stenosis. All patients except one were decannulated with no 
long-term phonatory sequelae [23]. In another study of 21 patients with Wegner’s 
granulomatosis and subglottic stenosis, Hoffman et al. advocated steroid injection 
prior to microsurgery. Each patient underwent 2.4—4.1 ILSIs depending on the 
extent of the disease [24]. Similarly, Feinstein et al. reported steroid injection as an 
adjunct procedure in the management of patients with subglottic stenosis in 42.5% 
of cases [25]. 

Given the success of steroid injections as adjunct therapy to surgery in the oper- 
ating room, surgeons are treating patients in the office, as well. Several studies 
showed that steroid injections in patients with laryngeal and proximal tracheal ste- 
nosis can be performed safely in an office setting while the patient is awake. In 
2017, Hoffman et al. reported a series of 19 patients with idiopathic subglottic ste- 
nosis who underwent serial office-based steroid injections and reported a decrease 
in stenosis to 20-25% as the number of injections increased. Office-based steroid 
injections obviated the need for intervention in the operating room in 14 of 17 
patients who had more than 3 injections [26]. In 2018, Bertelsen et al. studied the 
efficacy of in-office repeated ILSI in 24 patients with subglottic and proximal tra- 
cheal stenosis and reported extension of surgery-free intervals in those who under- 
went at least 2 procedures (10.1 months preinjection vs. 22.6 months postinjection) 
[27]. Similarly, in 2018, Franco et al. reviewed 13 patients with idiopathic subglot- 
tic stenosis who underwent repeated ILSI (4—6 rounds) and reported improvement 
in per cent peak expiratory flow by 23.1%. The clinical improvement in breathing 
was comparable to those treated in the operating room [28]. In 2019, in a study of 
13 patients with subglottic stenosis who underwent endoscopic dilatation and adju- 
vant office-based steroid injection, Pan et al. reported prolongation of surgery-free 
interval from 288 to 545 days. The number of injections per patient on average was 
4.2 [29]. In 2020, Hoffman et al. reported 16 patients with idiopathic subglottic 
stenosis (20-50% stenosis) who underwent office-based steroid injections using the 
transnasal route. The results showed improvement in the dyspnea index, a validated 
ten-item questionnaire on upper airway dyspnea [30]. There was improvement in 
the stenotic segment in 12 of the 16 patients. One patient had worsening of his 
breathing, and three had no change. In one case, there was worsening of the VHI 
score, highlighting the rare but possible, impact of steroid injection on airflow 
dynamics and possibly phonation [31]. 

In summary, steroid injections can be used as adjunct therapy in patients with 
laryngotracheal stenosis. The procedure can be performed safely in the office while 
the patient is awake. Repeated injections can lead to an increase in severe symptom 
free intervals and improvement in the severity of stenosis. Dyspnea and airway 
symptoms may worsen immediately following injection but improve in the long 
term. Dysphonia may be a transient side effect to ILSI and rarely may be permanent. 
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11.3 Office-Based Vocal Fold Steroid Injection 


11.3.1 Office-Based Steroid Injection in Vocal Fold Scar 


Vocal fold scar occurs as a result of trauma or disease affecting the vocal folds. 
Following a three-phase response that starts with migration of neutrophils and 
inflammatory mediators, there is remodeling of the lamina propria layered structure 
associated with a change in the cellular and extracellular matrix (ECM) landscape. 
In a histologic study of vocal fold scar in rabbit larynges, Thibeault et al. showed a 
decrease in collagen formation, an increase in procollagen, and a decrease in elastin 
6 days following injury. These histologic changes were associated with an increase 
in shear modulus elasticity and dynamic viscosity [32]. In another study by Tateya 
et al. on acute histologic changes following injury to the vocal folds, the authors 
reported changes in extracellular components, namely, collagen, fibronectin, and 
hyaluronic acid, mostly at the 3—5th day. Collagen type 1 production peaked at day 
5 and then decreased, whereas collagen type 3 kept increasing until day 14 [33]. The 
late proliferative phase following injury is characterized by neo-angiogenesis and 
migration of fibroblasts, with subsequent overproduction of collagen and decrease 
in elastin formation. Rousseau et al. investigated the histologic and rheologic prop- 
erties of scarred vocal folds during the chronic phase of wound repair 6 months after 
injury, and they noted an increase in collagen deposition in thick bundles and frag- 
mentation of elastin fibers [34]. The study was conducted on a rabbit model in 
which the vocal fold lamina propria was stripped surgically down to the muscle 
[34]. Similar results were reported in another study by the same authors on a canine 
model. At 6 months following surgery, there was a decrease in elastin and an 
increase in collagen formation. The elastin fibers were broken and tangled at 
2 months post-injury [35]. As a result of the aforementioned histologic changes in 
the ECM constituents, the viscoelastic shear properties of the vocal fold are affected. 
Remodeling in the lamina propria structures leads to marked alteration in the vibra- 
tory behavior of the layers of the vocal fold [36]. Strobovideolaryngoscopy often 
reveals decreased pliability of the vocal folds with a decrease in mucosal waves 
amplitude attributed to tethering of the vocal fold cover to the underlying structures. 
In severe cases, incomplete closure of the vocal folds may be observed with signs of 
glottic insufficiency Aerodynamic measures show a decrease in maximum phona- 
tion time, an increase in mean flow rate, and a decrease in glottal resistance. 
Acoustically, there is an increase in the perturbation parameters, noise-to-harmonic 
ratio, and voice turbulence index, all confirming to disturbances in the vocal signal 
[20, 37]. 

Patients with vocal fold scar are offered various options. These include vocal 
fold microflap surgery with insertion of fat or fascia [38—40], laryngeal framework 
surgery [41], injection laryngoplasty [42], and laser therapy [43]. Recently, fibro- 
blast growth factors and stem cell therapy have been described with successful 
results [44-46]. There is also extensive literature on the use of steroid injection 
either as an adjunct or primary treatment option in patients with vocal fold scars 
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[47—49]. In 2006, Mortensen and Woo investigated the outcome of 34 patients who 
underwent office-based steroid injection and reported significant improvement in 
dysphonia and mucosal wave amplitude on laryngeal videostroboscopic examina- 
tion [47]. Twelve patients of their study group had vocal fold scar. In 2016, Young 
et al. investigated the effect of dexamethasone injection in 25 patients with vocal 
fold scar who had undergone an average of 3.5 sessions each and reported decrease 
in VHI score, decrease in the grade of dysphonia using GRBAS, decrease in phona- 
tory threshold pressure, and an increase in fundamental frequency. The patients also 
had voice therapy [49]. 

The improvement in the clinical and aerodynamic measures following glucocor- 
ticoid steroid injection in vocal fold scars can be ascribed to changes in extracellular 
matrix constituents secondary to alteration in fibroblast activity. The concentration 
and distribution of hyaluronic acid, fibronectin, decorin, and collagen concentration 
are affected. Campagnolo et al. reported a significant decrease in collagen deposi- 
tion (mean total area of collagen 86.23 um? vs. 273.67 um? in the control group) on 
the 3rd and 7th day following injection of 0.1 ml dexamethasone sodium phosphate 
within the vocal fold. The study was conducted on the vocal folds of rabbits; and 
one side was incised and injected with steroids, whereas the opposite side was only 
incised and served as s a control [50]. Similarly, Coleman et al. investigated the 
histomorphometric changes associated with corticosteroid injection following vocal 
fold microflap surgery in 15 dogs and showed a 3-week delay in neovascularization 
and a 12-day delay in the inflammatory response [51]. Although there was a delay 
in healing, there were no significant changes in any of the laryngeal stroboscopic 
parameters, namely, extent and pliability of mucosal waves and malleability. In 
another investigation on human vocal fold fibroblasts, Zhou et al. showed that glu- 
cocorticoid injection not only downregulated the inflammatory response but also 
decreased fibroblast proliferation and extracellular matrix metabolism [52]. See 
Video 11.1 illustrating vocal fold steroid injection using the transnasal approach and 
Videos 11.2 and 11.3 using the transoral approach in awake patients. 

In summary, steroid injection is an alternative treatment to endoscopic vocal fold 
surgery and/or laryngeal framework surgery in the management of vocal fold scars. 
The procedure can be performed safely in an office setting while the patient is fully 
awake. Vocal fold steroid injections have shown to restore vocal fold pliability and 
glottic closure in some cases. The effect is mediated via remodeling of the lamina 
propria layered structure. 


11.3.2 Office-Based Steroid Injection in Benign Lesions 
of the Vocal Folds 


Benign lesions of the vocal folds are common causes of dysphonia. A nomenclature 
paradigm by Rosen et al. stratified these lesions into nodules, polyps, cysts, pseudo- 
cysts, fibrous masses, and reactive and nonspecific lesions [53]. The histopathologic 
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spectrum includes thickening of the mucosal basement membrane, submucosal 
fibrin deposits, hyalinization, hemorrhage, neovascularization, edema, and inflam- 
matory infiltrates [54]. Affected patients usually are treated with voice therapy that 
aims at reducing voice abuse/misuse and laryngeal hyperfunction. Voice therapy 
consists primarily of patient education on voice hygiene, vocal function exercises/ 
training, and use of voice amplification and many other techniques [55, 56]. Failure 
to respond to voice therapy is often an indication for surgical intervention. Patients 
with masses usually undergo microflap or minimicroflap vocal fold surgery which 
allows dissection and removal of the lesion while preserving the overlying mucosal 
lining [15, 57, 58]. The rational is to reduce injury to the deep layers of the lamina 
propria and hence scar formation [20, 59]. 

Vocal fold steroid injection is used frequently as an adjunct therapy in patients 
undergoing phonomicrosurgery. The injection is administered at the site of the 
lesion and/or in the surgical bed following excision. Steroids act by decreasing para- 
cellular permeability and by regulating extracellular matrix metabolism and colla- 
gen formation [37, 60]. In a study on the efficacy of adjunct steroid injection 
following microsurgical resection of benign lesions of the vocal folds, Cho et al. 
reported a lower rate of recurrence in those who underwent steroid injection vs. 
those who did not. Adjunct steroid injection was associated with a 0.3-fold lower 
risk of persistent dysphonia following surgery. The study was conducted on 221 
patients (136 polyps, 49 nodules, and 30 cysts) who were divided into two groups, 
those who had steroid injection and those who did not [11]. Steroid injection also 
has been described as a primary treatment modality of benign lesions of vocal folds 
under direct laryngoscopy. Ramavat et al. reported the efficacy of steroid injection 
in a randomized controlled study of 29 patients with benign vocal fold lesions, 15 
of whom were treated with ILSI alone. The results showed a reduction in the size of 
the lesions and a decrease in VHI and GRBAS scores 12 weeks following treatment. 
Similarly, there was increase in fundamental frequency and maximum phonation 
time MPT (n = 15). Notably, the decrease in shimmer and jitter was more significant 
in those who underwent phonomicrosurgery (n = 14) in comparison to those who 
had steroid injection alone [61]. With the trend in laryngology practice toward 
office-based surgery, steroid injections in patients with benign vocal fold lesions are 
now performed using indirect laryngoscopy. In 1962, Yanagihara et al. was the first 
to report vocal fold steroid injection in the treatment of vocal fold nodules using a 
laryngeal mirror. The authors reported effectiveness in 62-79% of the cases [62]. 
Because of lack of precision and other factors, vocal fold steroid injection in an 
office setting was not adopted widely until refinements in optic technology and 
instrumentation evolved. The introduction of flexible endoscopy followed later by 
an endoscope with a working channel and distal chip camera allowed sophistication 
of this procedure. In 1993, Nonomura et al. reported satisfactory results in 21 
patients (9 with nodules and 12 with chronic inflammation) who underwent vocal 
fold steroid injection using “fiberoptic laryngosurgery technique.” In view of the 
high success rate, the authors advocated intracordal steroid injection as an effective 
treatment alternative in patients with mild vocal fold inflammatory disorders who 
are refractory to conservative therapy [63]. In 2003, Tateya et al. reported their 
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experience with ILSI in 44 patients with mild Reinke’s edema using triamcinolone 
acetonide. The authors found significant improvement or remission following injec- 
tion in almost all cases. There was a significant increase in the mean fundamental 
frequency by 13 Hz (168 Hz preinjection vs. 181 Hz postinjection) and an increase 
in maximum phonation time (9.0 s preinjection vs. 11.4 s postinjection). The proce- 
dure was performed thru the transoral approach under fiberoptic guidance [64]. In 
another study of 27 patients with vocal fold nodules who underwent triamcinolone 
acetonide injections in the superficial layer of the lamina propria, the same authors 
reported complete regression of the lesion in 17 patients and partial regression in 10. 
The regression in the size of the lesion was accompanied by subjective improve- 
ment or recovery of voice symptoms, as well as improvement in mean MPT 
(10.9-13.9 s, respectively) and mean flow rate (236-166 ml/s, respectively) [65]. In 
2006, Mortensen and Woo described their experience in office-based steroid injec- 
tions in 34 patients and reported an overall success rate of 82%. Eleven of the 18 
patients with vocal fold polyps or nodules had significant improvement in voice 
quality. The patients were evaluated subjectively using the GRBAS perceptual rat- 
ing and laryngeal videostroboscopy. No complications were reported [47]. In 2009, 
Hsu et al. investigated the outcome of percutaneous steroid injection in 24 patients 
with vocal fold polyps and reported complete remission in 12 of the 22 who com- 
pleted surgery. There was improvement in laryngeal videostroboscopic findings and 
in acoustic and aerodynamic measures. The authors emphasized on the safety of this 
procedure and its efficacy in the management of patients with vocal fold polyps 
[66]. In 2011, Lee et al. reviewed their experience with 80 patients with vocal fold 
nodules who underwent steroid injection via the cricothyroid membrane. There was 
partial decrease in the size of the nodules in 49% and complete regression in 44% 
of cases. Moreover, there was a decrease in perturbation parameters and an increase 
in MPT [67]. The same year, Woo et al. investigated the efficacy of percutaneous 
steroid injections in patients with benign vocal fold lesions and reported an overall 
success rate of 84%. Forty of 115 patients had complete remission, and 57 had par- 
tial remission. The authors reported statistically significant improvement in both 
objective and subjective outcome measures at | and 3 months following surgery 
[68]. In 2013, Wang et al. investigated the effect of transnasal endoscopic steroid 
injection in 30 patients with vocal fold nodules and polyps and reported regression 
or complete disappearance of the lesion in 29 cases at 3 months follow-up. There 
was a decrease in VHI-10 scores (22.5 vs. 14.5), perceptual rating of dysphonia, and 
a decrease in the perturbation parameters. However, there was an increase in the 
mean MPT by 2.2 seconds. Notably, there was no significant difference in the out- 
come measures between patients with vocal fold nodules and patients with vocal 
fold polyps [69]. In 2014, in a study of 176 patients with vocal fold nodules and 
polyps, 92 of whom had received vocal fold steroid injection using the transoral or 
transnasal approach, Wang et al. reported regression in the size of the lesion in 39% 
of the cases at 1-2 months. The regression in the size of the lesion was associated 
with a significant decrease in VHI-10 score by 9.5 points (24.4 preinjection vs.14.9 
postinjection) [70]. The authors used a quantitative method described by Mallur 
et al. for assessment of the size of the vocal fold lesion [71]. Wang et al. found that 
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patients with vocal fold nodules had earlier regression in the size of the lesion fol- 
lowing steroid injection in comparison to those treated with vocal hygiene educa- 
tion alone. Similarly, patients with vocal fold polyps had significant reduction in the 
size of the lesion in comparison to those who had vocal hygiene education alone. 
Those with nonhemorrhagic polyps had better outcome than those with hemor- 
rhagic polyps (48% vs. 34%, respectively). However, although patients who had 
undergone steroid injection did better than those who had vocal hygiene education, 
still 11% of the former group needed surgical intervention using either KTP laser or 
laryngo-microsurgery [70]. In 2015, Wang et al. performed a comprehensive review 
of 126 patients with benign lesions of the vocal folds who underwent ILSI and 
reported improvement in symptoms and decrease in the size of the lesion size in 
more than 80% of cases. The authors also found a negative correlation between 
duration of symptoms, voice demand, VHI score, and perceptual voice evaluation. 
Patients with vocal fold nodules and high occupational vocal load were less likely 
to improve than those with no or low vocal demand. Similarly, patients with long- 
standing duration of polyps and/or history of laryngopharyngeal reflux did not 
improve as much as those with recent history of polyps and no history of laryngo- 
pharyngeal reflux. Interestingly, although there was a significant improvement in 
the mean MPT at | month follow-up, the increase at 2 months was not significant 
for all three categories, nodules, polyps, and cysts [72]. In 2016, Lee and Park 
reviewed long-term efficacy in 84 patients with benign vocal fold lesions who had 
undergone percutaneous steroid injection and reported complete and partial remis- 
sion in 44% and 26.2% of the cases, respectively. The improvement was stable up 
to 2 years following treatment [73]. In 2017, Wang et al. investigated the long-term 
effect of ILSI in patients with benign lesions of the vocal folds and reported improve- 
ment in 74% of the cases at 1 month but only 50% in the long term. Patients with 
vocal fold polyps had better outcomes than patients with vocal fold nodules (54% 
vs. 49%) [74]. 

In summary, patients with benign lesions of the vocal folds may benefit from 
steroid injections in an office setting. The patient should be notified that repeated 
injections are often needed, and surgery remains an option for those who do not 
improve. It is also important to note that the underlying predisposing factors for the 
development and progression of these lesions are not addressed by injection or sur- 
gery. Bad phonatory behavior and poor vocal hygiene may jeopardize the outcome 
and lead to recurrence, and voice therapy prior to injection or surgery is 
recommended. 


11.3.3 Office-Based Steroid Injection in Vocal Fold 
Bamboo Nodes 


Bamboo nodes were described initially by Hosako et al. in 1993 as yellowish, trans- 
verse, submucosal lesions of the vocal folds [75]. Histologically, these lesions are 
fusiform in shape and characterized by central necrosis surrounded by inflammatory 
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cells and macrophages. Affected patients may have impairment in vocal fold vibra- 
tion and change in voice quality. Several treatment options are available. These 
include treatment of the underlying disease, systemic steroids, voice therapy, and/or 
surgery. Microsurgical excision under direct laryngoscopy is advocated usually 
only in cases who are refractory to conservative management [76]. Oker et al. 
reviewed the clinical course of 15 patients with bamboo nodes and reported suc- 
cessful treatment with voice therapy in 53% of the cases. They also noted spontane- 
ous improvement in three patients [77]. Intralesional steroid injection is an 
alternative treatment. Todic et al. reviewed ten cases of bamboo nodes, six of whom 
were treated with systemic steroids and one with ILSI. The authors stressed the 
association of bamboo nodes with autoimmune diseases and the benefit of com- 
bined voice therapy and steroids [78]. Schwemmle et al. reported a 43-year-old 
woman with bamboo nodes who was treated with repeated steroid injections but 
with little success. The patients needed surgical removal of the lesion which ulti- 
mately led to improvement in voice quality [79]. With the recent advances in tech- 
nology, ILSI are now being performed in the office. Imaizumi et al. reported a 
30-year-old woman who was treated successfully with steroid injection in an outpa- 
tient setting. The authors advocated the use of steroid injection in patients with 
bamboo nodes who fail conservative therapy [80]. With the wider spread of office- 
based laryngeal surgery, the use of ILSI in the treatment of the laryngeal manifesta- 
tions of autoimmune diseases is expected to increase. See Video 11.4 illustrating 
steroid injection using the percutaneous approach in a patient with vocal folds bam- 
boo nodes. 


11.3.4 Complications of Office-Based Vocal Fold 
Steroid Injection 


Although office-based laryngeal steroid injection has advantages in terms of achiev- 
ing high intralesional drug concentration with minimal systemic effects, complica- 
tions may occur in up to one third of patients. High vocal demand, persistent voice 
abuse, smoking, and laryngopharyngeal reflux are significant predisposing factors. 
The most commonly reported complications are vocal fold hematoma and deposi- 
tion of crystals in the superficial layer of the lamina propria, particularly with the 
use of triamcinolone solutions [67, 69, 72, 81]. Affected patients often report wors- 
ening of the voice associated with a decrease in mucosal wave amplitude on strobo- 
scopic examination. In a study by Wang et al. of 30 patients with vocal fold polyps 
and nodules, the authors reported vocal fold hematoma in three cases, all of whom 
improved spontaneously with no need for surgical intervention [69]. In a review by 
the same authors in 2015, 34 of 126 patients who underwent ILSI for benign lesions 
of the vocal folds developed vocal fold hematoma. Additionally, 4% of their study 
population developed triamcinolone deposits, which resolved spontaneously 
2 months after the injection [72]. Similarly, Lee et al. reported two cases of triam- 
cinolone deposits within the vocal folds following steroid injection in patients with 
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vocal fold nodules. The deposits dissolved without the need for surgery [67]. 
Because of this problem, the authors stopped using suspensions such as triamcino- 
lone for routine vocal fold injection many years age in favor of dexamethasone, a 
solution safe for intravenous use. This eliminates the problem of the white plaques 
and stiffness from triamcinolone that can persist for up to 8 months. Another rare 
complication of ILSI is vocal fold atrophy that often presents with breathiness and 
glottic insufficiency on laryngeal examination. In a review of 80 cases of ILSI via 
the cricothyroid membrane, Lee et al. reported four cases of vocal fold atrophy that 
resolved within 2 months [67]. In another study by Wang et al. of 126 patients with 
benign vocal fold lesions who had undergone office-based ILSI, 1 patient developed 
vocal fold atrophy [72]. 

Recurrence is another significant concern in patients undergoing office-based 
ILSI. In an investigation on the long-term results of ILSI, Wang et al. reported an 
increase in cumulative failure rate from 12% at 6 months to 32% at 2 years. 
Cumulative failure rate was defined as recurrence of symptoms and/or need for 
surgical intervention. Patients with vocal fold polyps had better outcomes than 
patients with vocal fold nodules. The authors attributed the high recurrence rate to 
persistence of phonotraumatic behavior in patients with benign lesions of the vocal 
folds [74]. In another study by Tateya et al. of 28 patients with vocal fold nodules, 
recurrence was noted in 8 patients. The follow-up period ranged between 2 and 
37 months [65]. In a systematic review by Wang et al. in 2013 that included 321 
patients with benign vocal fold disorders who underwent steroid injection, the 
authors reported a recurrence rate between 4% and 31% [81]. Lee et al. reported six 
patients who had recurrence even at 4 weeks following steroid injections in vocal 
fold nodules [67]. In another review by the same authors of 84 patients who received 
ILSI, the average recurrence time interval was 8.5 months and ranged between 3 
and 36 months. Important predisposing factors were history of voice abuse and 
being a professional voice user [73]. 

In summary, office based steroid injections can cause complications despite the 
advantages of delivering high intralesional drug concentration. These include vocal 
fold hematoma, deposition of crystals within the superficial layer of the lamina 
propria if a suspension rather than a solution is used, and rarely vocal fold atrophy. 
Most of these complications resolve spontaneously without the need for surgical 
intervention. 


11.4 Office-Based Laryngeal Intra-articular Steroid 
Injections in Patients with Autoimmune Diseases 


Laryngeal manifestations of autoimmune diseases are common. In rheumatoid 
arthritis (RA), the prevalence can reach 88%, with dysphonia being reported in two 
thirds of the cases [82-84]. Patients may present with a plethora of symptoms and 
signs depending on the stage of the disease and site of involvement. In the acute 
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phase, complaints of change in voice quality, sore throat, difficulty in swallowing, 
and referred otalgia are reported often. In the chronic stage, patients may present 
with persistent dysphonia, respiratory distress, and stridor [84]. Many of the phona- 
tory and airway symptoms stem from acute and chronic changes in the cricoaryte- 
noid and/or cricothyroid joints. These changes include edema, fibrosis, destruction 
of the articular surfaces, and/or deposition of rheumatoid nodules in close relation 
to the joint. The rate of involvement varies with the degree of physician’s awareness 
and the use of radiologic imaging in the assessment of these patients [84]. In many 
cases, the clinical presentation is masked by comorbid diseases. 

Based on numerous studies, the management of laryngeal articular involvement 
relies on adequate control of the underlying disease using systemic steroids, metho- 
trexate, or other medications to suppress the immune system. With the advances in 
technology, corticosteroids are delivered via injections into the articular surface of 
the affected joint, thus sparing the patient the adverse effect of systemic steroids. In 
1977, Habib reported a case of rheumatoid arthritis who presented with stridor sec- 
ondary to involvement of the cricoarytenoid joints. The patient was managed suc- 
cessfully with intra-articular steroid injection [85]. Simpson et al. described six 
cases of RA who had substantial improvement following periarticular steroid injec- 
tions. The authors emphasized the added value of steroid injections if performed by 
a well-trained physician [86]. Similarly, in a study of five patients with RA treated 
with intra-articular steroid injections and systemic therapy, Dockery et al. reported 
improvement in phonatory and respiratory symptoms [87]. In all the above cases, 
the injections were performed in the operating room under general anesthesia. With 
the increase in the landscape of office-based laryngeal surgery, intra-articular ste- 
roid injections can be performed in an awake setting. The author (RTS) designed a 
right-angle injection needle to facilitate intra-articular injection. The needle is dis- 
posable, and injection handles for the needles are available for direct and for peroral 
indirect injection (Integra Lifesciences, Princeton, NJ). 


11.5 Office-Based Laryngeal Injections of Cidofovir 


Recurrent respiratory papillomatosis RRP is a disease of the respiratory epithelium 
characterized by papillomatous growth caused usually by human papilloma virus 
(HPV) types 6 and 11. It affects all age groups and can lead to symptoms such as 
dyspnea, dysphonia, stridor, and chronic cough. RRP has been treated traditionally 
with surgery. The high recurrence rate of this disease and the need for frequent sur- 
gical intervention have prompted the use of adjunct treatment such as immuno- 
therapy and antiviral therapy [88]. Cidofovir is a potent antiviral medication used in 
the treatment of many viruses including HPV. It is a cytosine nucleotide analogue, 
a prodrug that undergoes phosphorylation to become an active metabolite that leads 
to decrease in cell proliferation and enhanced apoptosis [89, 90]. Traditionally, 
cidofovir injections have been used for the treatment of Cytomegalovirus (CMV) 
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retinitis. Its success in the treatment of CMV led to its widespread use in patients 
with RRP who undergo frequent surgical interventions. The purpose of treatment is 
to reduce the frequency of surgical intervention which often leads to scar and wors- 
ening of voice quality [91]. 

Cidofovir injections usually are performed under general anesthesia following 
debulking of the laryngeal RRP using cold steel instruments and/or lasers. In 1997, 
Wellens et al. were the first to describe intralesional cidofovir injection in the larynx 
[92]. A follow-up in 1998 by the same authors described cidofovir in 17 patients 
with laryngeal papillomatosis. The authors reported successful results in 16 of 17 
cases [93]. Similarly, Wilson et al. reported three cases of laryngeal papillomatosis 
treated successfully with intralesional cidofovir injection [94]. Pransky et al. 
reported the efficacy of cidofovir injection in ten patients and reported complete or 
partial regression all. The authors advocated the use of cidofovir as an adjunct treat- 
ment following surgical excision [95]. Galletti et al. described a protocol that con- 
sists of debulking the lesion under microdirect suspension laryngoscopy followed 
by intralesional or perilesional cidofovir injection and the use of indole-3-carbinol 
orally. The objective of this protocol is to control the disease and reduce the fre- 
quency of surgical intervention often associated with scar formation [96]. In 2003, 
Naiman et al. investigated the efficacy of cidofovir intralesional injections at 
monthly intervals in 26 patients with RRP. One third of the study group had com- 
plete remission, and two thirds had minimal residual disease that necessitated surgi- 
cal intervention. The overall response rate was better in those with supraglottic and/ 
or glottic lesions in comparison to those with subglottic lesions. The treatment was 
performed under direct laryngoscopy and general anesthesia [97]. In 2003, Lee and 
Rosen investigated the efficacy of cidofovir injection combined with surgery in 13 
patients with RRP and reported remission in 76.9% of the cases. Each patient under- 
went 3.5 injections on average using a concentration that varied between 2.5 and 
5 mg/cc [98]. Dikkers reported the successful use of cidofovir injection in combina- 
tion with microsurgical excision in seven patients with glottic lesions. The injec- 
tions were repeated every 6 weeks, and each patient received a cumulative dose that 
varied between 10.5 and 128 mg [99]. In 2015, Kim and Baizhumanova supported 
the efficacy of combining surgery with adjuvant therapy using cidofovir or pulsed 
dye laser in a group of 29 patients who were followed up for more than 2 years. The 
authors reported improvement in voice quality, a decrease in VHI score, subglottic 
pressure, noise-to-harmonic ration, and degree of subharmonic component. The 
authors advocated removal of submucosal glands in order to reduce the frequency 
of recurrence [100]. In 2019, Jackwoska et al. reported their experience with 42 
patients with RRP who were treated with CO2 laser and intralesional cidofovir 
injections and reported improvement in voice quality in all patients, with a decrease 
in VHI scores. Moreover, there was a decrease in jitter and shimmer with improve- 
ment in spectrographic analysis after treatment [101]. 

Cidofovir injections are not performed in an office setting commonly (Video 
11.5). There are only two case studies on office-based cidofovir injections in the 
treatment of laryngeal RRP. Co and Woo reported their experience with five patients 
with RRP who underwent serial office-based laryngeal injections following CO2 
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laser therapy in the operating room. The authors reported improvement in voice 
quality associated with partial remission of the disease on laryngeal examination. 
Moreover, there was prolongation in the time needed for microsurgical intervention 
[102]. Chhetri et al. reported their experience with five patients with RRP who had 
undergone repeated cidofovir injections using the percutaneous technique. The 
authors reported a marked decrease in the size of the lesion in all patients after a 
mean treatment duration of 12 months. Notably, all patients had laser therapy prior 
to the percutaneous injections. In conclusion, they advocated office-based cidofovir 
injection as an adjunct to laser therapy in patients traditionally treated under direct 
laryngoscopy and general anesthesia. The authors also noted the limitation of this 
technique in patients with supraglottic and or subglottic lesions [103]. 

In summary, cidofovir injection can be used as adjunct therapy in patients with 
RRP. The main reasons for the high recurrence of laryngeal RRP are hidden areas 
(often microscopic) not resected under direct laryngoscopy and the conservative 
surgery often performed to minimize phonatory complications. Given the propen- 
sity of RRP to recur in the upper airway, frequent injections are needed in many 
cases. Patients should be informed that office-based cidofovir injections may pro- 
long the time interval between for surgical intervention but do not eliminate the 
need for surgery in many cases. 


11.6 Office-Based Laryngeal Injection of 5-Fluorouracil 


5-Flurorouracil is a drug that is used primarily in the treatment of patients with 
cancer. It is a pyrimidine analog that is converted intracellularly into active metabo- 
lites that disrupt RNA synthesis and decrease production of thymidine, hence DNA 
replication [104]. Recent reports indicate that it is also useful in the treatment of 
patients with hypertrophic scars. In a systematic review of evidence-based therapy 
in hypertrophic scars, Nischwitz et al. reported intralesional injection of 5-FU as a 
therapeutic modality that reduces scar formation and enhances its pliability. The 
authors stressed the need for future studies to optimize its mode of delivery and tis- 
sue permeability [105]. In another review, Jiang et al. found that combining 5-FU 
with triamcinolone acetonide (TAC) improves the efficacy of keloid treatment and 
is superior to TAC treatment in isolation [106]. 5-FU also has gained popularity as 
a therapeutic drug in patients with laryngotracheal stenosis. In 2009, Baptistella 
et al. investigated the rate of collagen fiber deposition in the vocal folds of pigs fol- 
lowing partial excision using carbon dioxide laser. The study group was divided into 
three subgroups, control (n = 6), 5-FU (n = 6), and the mitomycin (n = 6) subgroup. 
After 1 month, histologic examination showed a lower concentration of collagen 
fiber deposition in the 5-FU and mitomycin subgroups in comparison to the control 
subgroup (2269.19 um and 2196.36 um, respectively, vs. 3428.66 um) [107]. In 
2015, Gu et al. investigated fibrous scar formation in a rabbit model following treat- 
ment with ethosomes (lipid vesicles) containing 5-FU. Using hematoxylin and eosin 
(HE) staining and fluorescence microscopy, the authors showed decrease and 
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dispersion of fibroblast and collagen fibers, leading to a decrease in laryngotracheal 
stenosis. Ethosomes with small diameter had better permeability and hence drug 
delivery than ethosomes with large diameters [108]. In a similar study in which 
tracheal scar was induced by scraping the mucosal surface, Mao et al. showed a 
decrease in airway stenosis 21 days following administration of ethosomes contain- 
ing 5-fluorouracil. The authors stressed the potential benefit of 5-FU in treating 
patients with laryngotracheal stenosis [109]. The results of these animal studies 
have been supported by the author (RTS) in his treatment of patients with posterior 
glottis stenosis, subglottic stenosis, and true vocal fold scar. Intralesional 5-FU 
injections have helped improve vocal fold mucosal wave and appear to reduce 
recurrence of laryngeal stenosis [110]. 

In view of the above, laryngeal injection of 5-FU in patients with laryngeal ste- 
nosis and or vocal fold scar is a promising therapeutic modality. The easy access to 
the laryngeal inlet via the transnasal or perioral route in an awake patient should 
foster 5-FU injections in an office setting. 


11.7 Office-Based Laryngeal Injection of Growth Factors 


Other pharmaceutical agents that are used increasingly in the treatment of aging/ 
scared vocal folds are growth factors. Advances in regenerative medicine and tissue 
engineering have paved the way for clinical use of growth factors in managing age- 
induced histologic changes such as decrease in hyaluronic acid and increase colla- 
gen deposition. Numerous studies over the last two decades suggest that growth 
factors, particularly basic fibroblast growth factor (b-FGF), may have a therapeutic 
effect on the aged and scared vocal fold by promoting wound healing and angiogen- 
esis and by stimulating the proliferative function of the aged fibroblasts [111-115]. 
Hirano et al. investigated the effect of growth factors (hepatocyte growth factor and 
b-FGF) cultured with aged fibroblasts and reported a significant increase in hyal- 
uronic acid production. The increase was dose-dependent for the hepatocyte growth 
factor and not dose-dependent for the b-FGF [111]. These results were substantiated 
by Suehiro et al. who also proved that treating vocal fold fibroblasts with b-FGF 
leads to upregulated expression of hyaluronic acid synthase and fibronectin and 
downregulated expression of procollagen type 1. The authors used quantitative 
polymerase chain reaction for the assessment of extracellular matrix constituents 
and gene expression [112]. In an animal study in which scar fibroblasts and normal 
fibroblasts were cultured with hepatocyte growth factor, Graupp et al. showed that 
the response to growth factor stimulation was present only in the fibroblasts 
extracted from young rats and not aged ones. The authors stressed the age-dependent 
response and the need to consider age in clinical trials [113]. Basic fibroblast growth 
factors also improve or slow down vocal fold atrophy. In a study in which b-FGF 
was injected into denervated thyroarytenoid muscles (TA), Kaneko et al. showed an 
increase in the number of neuromuscular junctions and a decrease in muscle atro- 
phy. The denervated TA cross-sectional area was larger in those treated with b-FGF 
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in comparison to those not treated [114]. In 2016, Satoshi et al. conducted the first 
human study on the effect of b-FGF on the fibroblasts and extracellular matrix of the 
lamina propria in six elderly. Ten micrograms of b-FGF were injected in the super- 
ficial layer of the lamina propria using a curved needle that was introduced perorally 
under local anesthesia. The authors reported an improvement in VHI-10, perceptual 
evaluation, as well as acoustic and aerodynamic measures 6 months after treatment 
[115]. The author (RTS) has been using growth factors available commercially as 
AmnioFix (MiMedx, Marietta, GA), a dehydrated amnion/chorion membrane 
allograft available as a particulate that can be rehydrated for injection into vocal fold 
scar. Preliminary results have been encouraging. 

In summary, the use of fibroblast growth factors is a promising therapeutic 
modality in patients with vocal fold aging and or scarring. The effect is mediated via 
an increase in hyaluronic acid concentration and a decrease in collagen production. 
With the trend toward office based laryngeal surgery fibroblast growth factors can 
be injected in an awake patient. Future reports on a larger number of patients are 
needed to assert the long-term efficacy of this treatment. 
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Chapter 12 A) 
Office-Based Laryngeal Biopsy, Excision — wiv 
of Masses, and Dilation 


Abdul-latif Hamdan, Robert Thayer Sataloff, Ghiath Alnouri, 
and Mary J. Hawkshaw 


12.1 Introduction 


Laryngeal biopsy and excision of vocal fold masses traditionally are performed 
under general anesthesia. Microscopic suspension laryngoscopy was first intro- 
duced in 1960 by Scalco and quickly became the standard approach for endolaryn- 
geal microsurgery [1]. The main advantages are the stability of the surgical field and 
the ability of the surgeon to use both hands while performing surgery. The magnified 
image using the microscope is also an advantage because it allows precision and 
avoidance of injury to the intermediate and deep layer of the lamina propria which 
may result in scar formation [2—4]. Major limitations of direct laryngeal surgery are 
the use of general anesthesia in most of cases (although suspension microlaryngos- 
copy can be performed under local/regional anesthesia with the patient awake), dis- 
torted glottic configuration because of laryngeal suspension, and limited exposure in 
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patients with cervical spine disease and/or anatomic variations from normal or with 
neck motion limitations. To attempt to circumvent many of these limitations, par- 
ticularly in patients at high risk for general anesthesia, indirect laryngeal surgery 
was recognized as a safe alternative after its inception in the early 1900s [5]. The 
indirect approach in an awake patient permits functional monitoring of the voice 
with the larynx in neutral position. Another advantage is cost containment. In-office 
laryngeal surgery is far less expensive than use of an operating room (OR). However, 
limited precision while operating, limited manipulation of tissues such as retraction 
or palpation, and the need for patient cooperation can be major limitations [6-9]. 

This chapter reviews the current literature on indirect laryngeal brush biopsy, 
biopsy, excision of vocal fold masses, and laryngeal dilation. The clinical indica- 
tions, benefits, and limitations using the indirect approach are discussed. 


12.2 Office-Based Laryngeal Brush Biopsy 


Office-based laryngeal brush biopsy is a diagnostic test used commonly in patients 
with suspicious laryngeal/pharyngeal lesions. It is indicated when frequent sam- 
pling is needed, particularly when the morphologic appearance of the lesion is non- 
specific and requires frequent monitoring. The rational is to obtain a specimen 
representative of the pathologic changes, whether they are inflammatory, infectious, 
or neoplastic. Office-based laryngeal brush biopsy offers a safe alternative to direct 
and indirect laryngeal biopsy in some cases. It provides a transepithelial sample that 
can go as deep as the basement membrane reaching the small capillaries underneath 
it, without jeopardizing the vocal ligament and hence compromising voice. When 
done in the office, the patient is spared the risk of general anesthesia and the morbid- 
ity associated with laryngeal suspension. The technique is simple and familiar to 
many otolaryngologists who perform office-based laryngeal surgery. After having 
applied topical anesthesia to the larynx and pharynx, the laryngeal brush is intro- 
duced either through the working channel of a flexible endoscope or perorally under 
guidance using a flexible or rigid telescope. The details of the perioral and transna- 
sal approaches in office-based laryngeal surgery are discussed in Chap. 7 of this 
book. The surgeon should ensure that the lesion is brushed rigorously in all direc- 
tions in order to acquire an adequate sample [6]. The specimen is examined histo- 
logically using traditional techniques. A negative brush biopsy is reassuring although 
not definitive, and the patient often can be observed closely (unless there is high 
suspicion of malignancy), whereas a positive brush biopsy is an indication for a full- 
thickness biopsy. Based on a review of 24 cases, Woo reported a positive predictive 
value of a brush biopsy of 87% in comparison to a standard biopsy [6]. In a study by 
Afrogheh et al. on the effectiveness of liquid-based, transepithelial, flexible brush 
cytology in patients with high-grade laryngeal mucosal lesions, the authors reported 
a 97% sensitivity and 100% specificity in comparison with the results of biopsies 
taken in the operating room under general anesthesia. The authors stressed the ease 
of performing this procedure in an office setting while the patient is awake [10]. 
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Office-based laryngeal biopsy, similar to office-based brush biopsy, is a safe alter- 
native to direct laryngeal biopsy under general anesthesia. The surgical technique 
differs slightly from office-based brush biopsy in that a full-thickness specimen of 
the lesion is obtained which allows better assessment of deep tissue invasion. Using 
a 3-mm cup forceps introduced via the working channel of the flexible endoscope 
or a cup forceps or scissors perorally usually under flexible laryngoscopic guidance, 
the lesion is biopsied or excised fully. See Fig. 12.1 illustrating the perioral approach 
and Fig. 12.2 illustrating the transnasal approach. Because it is a full-thickness 
biopsy, blood is invariably seen at the site of the biopsy [6-10]. See Video 12.1 
showing a transnasal endoscopic laryngeal biopsy. Depending on the depth and 
location of the biopsy, dysphonia may ensue as a result of injury to the intermediate 
and deep layer of the lamina propria. Patients should be alerted to the possible 
changes in voice during preoperative counselling. Common indications for office- 
based laryngeal biopsy are laryngeal papilloma, granuloma, erythroplakia, leuko- 
plakia, and suspected neoplasms, with the latter two being the most alarming. 
Similar to oral leukoplakia, laryngeal leukoplakia may be precancerous in up to 
40% of the cases. In a review by Isenberg et al. which included 2188 laryngeal 
biopsies, the prevalence of mild/moderate dysplasia and squamous cell carcinoma 
was 33.5% and 15.2%, respectively. Close to half (53%) had no dysplasia [11]. In 
that same review, the rate of malignant transformation increased with the degree of 
dysplasia. Lesions with moderate to severe dysplasia were more likely to transform 
into carcinoma than lesions with mild dysplasia. Only 3.7% of patients with no 
dysplasia in their initial biopsy developed carcinoma on follow-up in comparison to 
10.1% of those with mild to moderate dysplasia and 18.1% in those with severe 
dysplasia/carcinoma in situ [11]. 

The risk of malignant transformation even in the absence of dysplasia on initial 
histologic examination suggests the need for diligent follow-up and repeated biop- 
sies when indicated. Surgeons should be familiar with the current literature on the 
diagnostic yield of office-based laryngeal biopsy in patients with vocal fold 
leukoplakia. 


12.3.1 Diagnostic Yield of Office-Based Laryngeal Biopsy 
in Patients with Vocal Fold Leukoplakia 


The high rate of neoplastic transformation in vocal fold leukoplakia makes these 
lesions worrisome. Although the predictive value role of the morphologic appear- 
ance of these lesions using laryngeal videostroboscopic examination, with or with- 
out narrow band imaging, has been investigated thoroughly by numerous authors 
[12-16], tissue biopsy remains the core diagnostic test. With the trend in laryngol- 
ogy practice toward office-based surgery, indirect laryngeal biopsy in an office 
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Fig. 12.1 (a) Rigid strobovideolaryngoscopy reveals a large granuloma extending along the mus- 
culomembranous left true vocal fold. The granuloma contacts the right true vocal fold; the vibra- 
tory function of the vocal fold, as seen on stroboscopic examination, suggests a second lesion that 
is hidden from view by the large, easily visible granuloma. (b) A transnasal flexible laryngoscopy 
is performed to visualize the larynx. The laryngoscope is placed initially just beyond the soft pal- 
ate, at the level of the oropharynx, to allow for ease of transoral placement of indirect laryngoscopy 
needle, and then the laryngoscope is advanced. (c) Four percent lidocaine is applied topically 
through the indirect laryngoscopy needle under flexible laryngoscopic guidance and is placed 
directly onto the vocal folds. (d) Once the desired anesthetic effect has been established, a subepi- 
thelial injection of 1% lidocaine with 1:100,000 epinephrine is injected into the base of the lesion, 
at the junction of normal and abnormal tissue, for hydrodissection to help separate the mass from 
normal tissue. ((a—d) Republished with permission. Sataloff et al. [35], p. 19). (e) In this case, this 
inflammatory lesion was removed easily after hydrodissection with straight microcup forceps. 
However, for more delicate lesions without preexisting stiffness at the base, heart-shaped forceps, 
scissors, and delicate dissection instruments are available and preferable. (f) A second, similar 
granuloma is removed from the right true vocal fold. In this case, Sataloff left-angled cup forceps 
provided easy, precise resection of the lesion at its base, without the need for excessive traction and 
without tearing the surrounding normal mucosa. This was possible because this was a small, fria- 
ble inflammatory lesion. Heart-shaped forceps and scissors are preferable in some cases. The posi- 
tion of these granulomas on the musculomembranous portion of the vocal folds was unusual. ((e, 
f) Republished with permission. Sataloff et al. [35], p. 20). (g) Using a 25-gauge Sataloff Indirect 
Laryngeal Needle, steroid (Decadron 10 mg/ml) is injected into the vocal fold at the site of the base 
of resection of the granuloma 
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Fig. 12.1 (continued) 


Fig. 12.2 A 62-year-old 
male, smoker, presenting 
with a history of 
dysphonia. On laryngeal 
examination, the patient 
had left vocal fold 
leukoplakia. This figure 
shows biopsy of the left 
vocal fold lesion using cup 
forceps introduced through 
the working channel of a 
nasopharyngoscope. 
(Republished with 
permission. Sataloff et al. 
[35], p. 20) 


setting has become the first choice for many patients. Although the procedure is 
tolerated well by many patients with minimal or no complications [17, 18], main 
concerns include diagnostic yield and the depth of tissue resected. Cohen et al. com- 
pared the pathology results of office-based biopsies vs. biopsies taken under direct 
laryngoscopy in 96 patients with suspicious laryngeal lesions. The results trended 
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toward an underestimation of disease severity in those with benign vocal fold lesions 
or carcinoma in situ. False negative results were reported in almost one third of the 
cases. The office-based laryngeal biopsy (via transnasal fiberoptic approach) had a 
sensitivity and specificity of 69.2% and 96.1%, respectively [19]. In another review 
by Zalvan et al. that included 26 patients who had undergone both office-based and 
operating room-based laryngopharyngeal biopsies, the authors found similarity in 
the results in 81% of the cases. Vocal fold lesions accounted for 69% of their study 
group [20]. Similarly, Richards et al. evaluated the accuracy of office-based laryn- 
gopharyngeal biopsies in 76 patients who also had biopsies taken under direct 
microlaryngoscopy, and they reported a sensitivity of 60% and specificity of 87% in 
the subgroup with premalignant/malignant lesions. The positive and negative pre- 
dictive values were 78% and 74%, respectively. However, false negative rate was 
almost 33% [21]. The authors concluded that office-based laryngeal biopsy in 
patients with leukoplakia is most accurate in those with benign and malignant 
lesions and less so in patients with dysplasia. In a review of 581 patients who had 
office-based biopsy, Cha et al. reported a sensitivity of 88.2% and specificity of 
86.7% in the subgroup of patients with malignant/premalignant lesions. The posi- 
tive and negative predictive values were 85.7% and 89.1%, respectively. The false 
negative rate was higher in patients with small (less than | cm) and nonfungating 
lesions. The authors advocated operative re-biopsy in patients with suspicious 
lesions and in those in whom office-based biopsies showed severe dysplasia/carci- 
noma in situ [22]. In another study on the diagnostic yield of office-based laryngeal 
biopsy in vocal fold leukoplakia, Hamdan et al. reported change in diagnosis in four 
of five patients who underwent subsequent biopsies under direct laryngoscopy [23]. 

In summary, office-based biopsy of vocal fold lesions is a reliable and safe alter- 
native to direct laryngeal biopsy in an OR. Its diagnostic yield is high in patients 
with benign and malignant lesions. In cases of mild to moderate dysplasia, biopsy 
under direct laryngoscopy is recommended. Close monitoring of patients with biop- 
sies negative for malignancy is advocated strongly in view of the unpredictable 
behavior of these lesions. The risk of malignant transformation correlates with the 
degree of dysplasia. 


12.4 Office-Based Laryngoscopy and Removal of Lesions 


Office-based indirect laryngeal intervention has gained popularity as an alternative 
to direct laryngoscopy for treatment of various laryngeal conditions. The operative 
image is provided using a mirror, rigid telescope, or flexible endoscope with or with- 
out stroboscopic light, while the surgery is performed using curved devices that are 
introduced perorally [24] or using flexible surgical instruments introduced via the 
working channel of a flexible endoscope. In 1975, Saito et al. reported stroboscopic 
microsurgery while patients were under neuroleptanalgesia [25]. Mahieu et al. in 
1992 and Dikkers in 1994 introduced indirect microlaryngostroboscopic surgery 
using a rigid 90-degree telescope or laryngeal mirror. Their approach was met with 
resistance because of patient discomfort and technical difficulties [26, 27]. In 1998, 
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Tai et al. described the use of flexible laryngovideostroboscopy during surgery. The 
authors used this approach successfully in 150 of 157 patients, with a mean operat- 
ing time of 5 min. The most commonly performed surgeries were injection laryngo- 
plasty (n = 87) and laryngeal biopsies (n = 48). The authors also stressed the poor of 
precision of this approach, particularly in broad-based or submucosal lesions of the 
vocal folds [28]. In 2000, Omori et al. introduced video-endoscope-assisted laryn- 
geal surgery using a charge-coupled device (CCD) chip built into the tip of the endo- 
scope. While the scope was introduced transnasally for visualization, the surgery 
was performed via the transoral approach using fine-tipped forceps and scalpels. The 
study group included 114 patients with various laryngeal pathologies, the most com- 
mon of which were polyps (n = 34) and epithelial hyperplasia (n = 36). The authors 
stressed the high level of image resolution that the CCT technology provided in 
comparison with the fiberoptic endoscope [29]. In 2002, Hirano et al. reported their 
experience using fiberoptic laryngeal surgery in 27 patients with vocal process gran- 
uloma. While the fiberoptic endoscope coupled to a CCD camera system is intro- 
duced transnasally, fine-tipped forceps are used transorally for removal of the lesion. 
In cases of incomplete removal and/or the presence of remaining tags, steroid injec- 
tion or laser vaporization may be used as adjunct therapy. The recurrence rate was 
high in patients with contact granuloma (10 of 27), which necessitated repeated 
intervention [30]. Similarly, in 2010, Lan et al. reported their experience in 20 
patients with vocal fold polyps who underwent office-based flexible laryngovideo- 
stroboscopic surgery. The authors found significant improvement in the overall 
grade of dysphonia, aerodynamic measure (MPT), and stroboscopic parameters, 
including closure, mucosal wave, and phase symmetry. With a follow-up that 
extended up to 6 months, no complications such as vocal fold scar, aspiration, or 
major bleeding were encountered [31]. In 2015, Wang et al. compared transnasal 
vocal fold polypectomy with conventional microlaryngeal surgery under suspension 
laryngoscopy and reported similar long-term results with the two approaches. The 
lesions were first cauterized using KTP laser and then excised using flexible, blunt- 
bended grasping forceps. There were significantly worse self-reported voice out- 
comes in the short term (2 weeks) in the group who underwent suspension 
microlaryngoscopy vs. the group who underwent flexible transnasal surgery (visual 
analogue scale (VAS) 7.7 + 1.4 VS. 5.9 + 2.0, respectively). The authors speculated 
that the higher score in the former group was due to the discomfort associated with 
intubation and laryngeal suspension [32]. In 2020, Shahshahan et al. described the 
removal of a pedunculated vocal fold polyp in an 84-year-old woman who presented 
with dysphonia and incomplete closure of the vocal folds on laryngeal examination. 
The lesion was excised under local anesthesia using a side-biting cup forceps intro- 
duced orally. Follow-up after 6 months revealed no recurrence of the lesion [33]. 

Microdissection including microflap and mini-microflap surgery can be per- 
formed in an office setting using indirect instruments designed to permit precise 
in-office surgery (Fig. 5.1). However, vocal fold movement from respiration and 
other factors makes it impossible to achieve consistently precision as good and pre- 
dictable as can be obtained in a paralyzed, anesthetized patient in an operating 
room. Nevertheless, when the clinical situation warrants indirect excision even from 
the vibratory margin, good results usually can be achieved. 
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In summary, in-office resection of vocal fold masses is a viable option to patients 
at high risk of general anesthesia. The success of the surgery is contingent on ade- 
quate topical anesthesia to the upper airway and patient collaboration. The surgery 
may be performed perorally using curved surgical instruments or transnasally using 
flexible devices introduced through the working channel of the operating endo- 
scope. It is important to note that office-based removal of vocal fold masses does not 
preclude suspension microlaryngeal surgery in patients with residual disease or 
recurrence. 


12.5 Office-Based Laryngeal Dilation 


Laryngeal stenosis is challenging and can be hazardous, especially in patients who 
do not have a tracheotomy. Some patients require repeated dilation, particularly 
patients with stenosis related to radiation therapy received previously for head and 
neck carcinoma. Traditionally, such patients have been dilated in an OR. However, 
that approach always raises concerns, and the surgical team must always be pre- 
pared to perform an urgent tracheotomy. Frequently, the airway is too narrow to 
permit intubation. So, anesthesia is induced, and rapid dilation is performed in an 
effort to create enough space to permit intubation with a small endotracheal tube. 
Then, the tube is removed and replaced, often repeatedly, as the procedure is contin- 
ued. Often, jet ventilation must be avoided because the stenosis limits egress and 
may predispose to rupture of pulmonary blebs and creation of pneumothorax. 
Making matters more difficult, sometimes patients do not present to the otolaryn- 
gologist’s office until the airway is substantially compromised. This scenario is dis- 
turbingly common especially in older head and neck cancer survivors; and it may 
necessitate emergent tracheotomy in the OR, or even in the office. 

The author (RTS) developed an alternative, in-office approach in the 1980s. It 
has not achieved wide popularity and remains generally unknown. The Sataloff 
laryngeal dilator is a strongly built indirect instrument that is similar in many ways 
to a Jackson dilator, but it is shorter (Fig. 12.3). It can be introduced into the larynx 
through the mouth, using flexible endoscopic visual guidance. Its introduction is 
preceded by cautious application of topical laryngeal anesthesia, with caution 


Fig. 12.3 Sataloff Indirect 
Laryngeal Dilator. (Integra 
LifeSciences, Princeton, 
NJ, USA) 
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stressed because irritation of a compromised airway could precipitate obstruction. 
In some cases, superior laryngeal nerve block can be used instead of, or as an 
adjunct to, topical anesthesia. Interestingly, radiated patients often have little or no 
laryngeal sensation, especially those who have undergone multiple laryngeal dila- 
tions; and such patients may require no anesthesia for this procedure. Introduction 
and withdrawal of the dilator require a substantial (bordering on somewhat frighten- 
ing) amount of force (Video 12.2). However, the procedure is extremely fast, gener- 
ally taking only a few seconds. Although performing it in patients who have a 
tracheotomy is always more comfortable for the surgeon, it usually can be per- 
formed safely in patients without a tracheotomy; but the surgeon should always be 
prepared to establish an airway emergently. The author (RTS) has never had to do 
so in the office. 


12.6 Other Office-Based Endolaryngeal Procedures 


Most procedures that can be performed in the operating room can be performed in 
the office, if necessary. Even procedures that require considerable force such as 
reduction of a dislocated arytenoid cartilage can be performed in an office setting 
rather than the operating room, as described previously (Figs. 12.4 and 12.5) [34]. 
When clinical circumstances warrant efforts to avoid taking a patient to the OR, it is 
reasonable for surgeons to consider seriously performing almost any endolaryngeal 
procedure in an office setting. 


Fig. 12.4 Digital reduction of a dislocated arytenoid can be accomplished in the office occasion- 
ally, especially for patients who are edentulous and who have had recent posterior dislocation or 
redislocation following recent arytenoid reduction. The patient’s tongue is retracted by the patient 
or an assistant, leaving the surgeon’s other hand free for external counterpressure (a). The sur- 
geon’s index or middle finger is placed in the pyriform sinus, engaging the dislocated arytenoid 
(b). The surgeon’s other hand applies external counterpressure and the arytenoid is reduced digi- 
tally (c). (Republished with permission. Sataloff et al. [35], p. 257) 
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12.5 This procedure can be used in the office for patients with posterior arytenoid dislocation 
difficult anatomical constraints, such as this patient in a halo. (a) A flexible laryngoscope is 


placed in the nostril to observe the larynx. A right-angle instrument, such as a laryngeal bayonet 
forceps, is covered with a shortened red rubber catheter. The hole in the red rubber catheter (b) 
assists in making stable contact with the dislocated arytenoid. The posterior inferior aspect of the 
dislocated arytenoid is engaged (c) and drawn superiorly, and anteromedially, to reduce the dislo- 
cated cartilage (d). (Republished with permission. Sataloff et al. [35], p. 258) 
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